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PREFACE TO THIRD EDITION 



In this edition the author has had the invahiable help of Di'. Lewis 

Jones, who has re-written Part I. The purely medical and surgical 

aspects of the subject have bet;n brought up to date by an appendix 

added to Part II. of the second edition. Should this little work 

attain the dignity of another edition, it is hoped that the whole of 

the illustrations will be raised to the high standard of the best 

modern work. 

D. W. 

70a, Orokvenok Street, 
London, \V. 



PREFACE TO FIRST EDITION 



Since the famous discovery iiiuiouncecl by Professor llontgen at the 
end of the year 1895, a new science has sprung into being. This 
branch of knowledge, although still in- its early and undeveloped 
stages, has found a special application in medical work. 

In this little volume the aim has been to deal with the present 
practical scope of the llontgen rays so far -ds physicians and surgeons 
are concerned. An atteni])t hiis l>een made to treat the matter 
systematically, and to point out limitations and |>ossibilities, as well 
as to reconl victual at^hievements. In this endeavour the author has 
received invaluable help from Mr. .1. E. Greenhill, who has also 
kindly written an intriniuctory |)art defiling with electrical methods 
and apparatus. He is also indebted t<^) Messrs. Biirwell, Mackenzie 
Davidson, Lynn Thomas, Pi-ofessor Waymouth Keid, and many 
others, for the use of Uontgen photographs anil of notes of cases. 
Whore all is new, it is by no means easy to decide what is likely to 
prove ultimately true ; but the task of selection has been guided 
by a constant reference to the everyday conditions of medical 
[)ractice. 

D. W. 

SqM^mlkr 1, 1897. 
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THE RONTGEN RAYS IN 
MEDICAL WORK 



PAET I 

ELECTRICAL APPARATUS AND METHODS 

By Lewis Jones, M.D. 



INTRODUCTORY 

The essentials for the production of Rontgen or x rays are a vacuum 
tube of high exhaustion and an exciting electrical discharge of high 
potential. Among the means adopted for obtaining the necessary 
electrical pressure may be enumerated the static machine, the in- 
duction coil, the step-up transformer (high voltage), and the high 
frequency or Tesla coil. Of these the first only is a prime generator, 
the others being de\'ices for transforming and converting low 
electrical potentials into potentials high enough to excite the x-T&y 
vacuum tube. Consequently, with all these instruments, except the 
static machine, a source of electricity is required whereby to feed the 
apparatus. 

The static machine, therefore, starts apparently with a great 
advantage in that it is capable of generating directly, and in one 
operation, a current suitable for the excitation of u'-ray tubes ; but 
this advantage is discounted paitly by the fact that mechanical 
power is consumed in driving the static machine, and that, given 
the mechanical power, one may use it more advantageously under 
certain circumstances in driving a dynamo, and so generating a. 
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current of low pressure which may afterwards he transformed to 
high pressure by an induction coil. 

Hand-labour may be used for the static machine, and will often 
serve very well for screen work or for short photographic exposures. 
When exposures of several minutes are needed, however, or when 
the apparatus is likely to be in frequent use, the labour of turning 
the machine by hand soon becomes troublesome, and mechanical 
power is required. 

When once power is installed, whether electrical, water-motor, or 
gas-engine, the question of the relative advantages of static machine 
or of dynamo and induction coil will need to ))e carefully considered, 
and the final choice guided mainly by the nature of the work to be 
done. 

In actual practice most x-ray work is done with induction coils 
capable of giving a 10 or 12 inch spark, and the coil is driven by a 
battery of accumulator cells, of which eight to ten or twelve are 
used. This may ))e regarded as the typical apparatus, and it will 
long continue to hold that position ; for it is capable of transporta- 
tion to the bedside, it is not directly dependent upon the presence 
of an electric lighting main, and it gives first-class results. 

Many of the modifications introduced into recent ic-ray practice 
have the drawback that, while they improve the quality or the 
rapidity of the work which can be done, they nevertheless render 
the apparatus less easy of transportation, or they can be used only 
in places where electric light mains can be tapped, and therefore they 
lack some of the universality of application which is possessed by the 
outfit composed simply of coil and battery. 

Still, for permanent installations and for work of the highest 
quality, the introduction of devices for making use of the electric 
light mains represents a real advance. 

In dealing \vich the sul^ject of apparatus for .ic-ray work, one must 
consider (1) the static machine; (2) the induction coil ; (3) batteries, 
primary and secondary ; (4) the use of electric lighting mains (con- 
tinuous and alternating current) for charging accumulators, and for 
direct application in rray work. 
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I. THE STATIC MACHINE 

The special advantages of the static machine are that it is 
independent of dynamo or battery, and is always ready for use 
on merely setting it in motion, while it produces a steady dis- 
charge of electricity at an electro-motive force capable of exciting 
tubes of high resistance ; for screen work the lighting is constant, 
and the apparatus is far simpler in maintenance than an induction 
coil outfit. 

With all these advantages there are certain drawbacks. A 
machine suitable for work of high class is difficult of transporta- 
tion ow.ing to its bulk and weight ; for the plates alone of a large 
machine may weigh two hundredweight. Again, the management 
of the conductors from the machine to the tube is difficult in the 
case of the static machine because the necessity for reducing all 
losses from leakage of current is of great importance, and the 
heavily-insulated conductors with knobbed ends, that must be used 
instead of simple spirals, do not so easily lend themselves to the 
innumerable shif tings of position which the adjustment of the 
tube to the patient may require. Lastly, the time of exposure 
for photography is decidedly longer with the static machine than 
with a 12-inch coil, although for screen work the static machine 
gives a(lmirable results. 

It is probable that there is room for improvement in the details 
of .r-ray work with static machines. Hitherto they have received 
far less attention than has been given to the induction coil, so that, 
while the latter has been advanced considerablv in efficiencv bv 
means of improved interrupting devices and so on, the static 
machine of to-day has nothing more to show than it had when 
applied to .r-ray work three or four year.s ago. Much energy has 
]yeen wasted, too, in trying to make the static machine ix)rtable, 
>\ith the result of cramping its dimensions and spoiling it. The 
static machine for first-class work must be so large, and conse- 
quently cumbrous, that it can hardly be used except as a stationary 
apparatus attached to the consulting-room for screen examinations 
in general medical and surgical practice. 

In the ./-ray departments of well -equipped hospitals, where 
provision is nuide for carrying out regular daily work on an 
extensive scale, or in places where electric light is supplied by 
contirmous current, the induction coil, driven from the mains 
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through one of the modern forms of rapid interruptor, will meet all 
requirements. It is not in such places that the static machine finds 
its most useful field, Imt rather where .r-rays are required occa- 
sionally, and where the maintenance of accumulators is a matter of 
expense or difficulty. 

There are two types of statical machine used for ar-ray work, 
namely, the Wimshurst and the Holtz. The latter is the favourite 
in Americii, but it is rarely seen in this country. It is a more 
delicate appuatus and more sensitive to unfavourable atmospheric 
conditions than the Wimshurst, but when working well furnishes a 
greater output of electricity. 

The Wimshurst machine consists of a pair, or a number of pairs, 
of glass discs mounted upon a horizontal spindle in such a way 
that they can l>e maile to ix)tate in opjx)site directions. The discs 
aiv titte<l with pulleys, and are driven from larger pulleys attached 
to a countershaft which in turn is driven by a winch-handle or 
a moti>r, while the opjKJsite ilirection of the rotating discs is 
obtaintnl by ci*osi>ing their appropriate belts. The discs are well 
varnishtKl with shellac, and carry railial sector-shaped plates of 
tinfoil or thin brass u[)on their outer surfaces at equal angular 
distanct»s. The stvtoi-s are not esv<ential to the action of the 
machine, but they make it more easily self-exciting. With large 
mai'hines and eai-efullv-adjusteil neutralizing brushes the presence of 
sectoi"s is of less advantai^e, for lariice machines excite moi*e readily 
than small. 

Twice in each ivvolution the two sectoi-s, situateil at the opposite 
euils i»n the same diameter of each dis4.\ aiv momentarily placed in 
metallic oiuuiei'tion with one another by a pair of tixeil wiiv brushes, 
ealleil the " neutralizing brushes.' The sectors just ^taz^ the tips of 
the brushes as they pasj< by. 

The pc>i>ition i>i the rieutralizing brushes with respect to the fixed 
ci>llectinji combs and to one another is variable thn.^Uich a certain 
angle : but there is a position of maximum etliciency. This position 
in the machine appears to >»e when the brushes touch the discs on 
diameters situateil aK>ut 7*)' from the ct>llecting combs, and o<y from 
one another. 

The electricity ijenerated bv the D>tatiori ^'>i the plates is collected 
bv two fixeil conduct! >rs furnished An-ith coLIectiniC combs, the usual 
position of the conductors, which are suppi^rte^i on glass or ebonite 
pillars^ being along the horizontal diameter of the disc. To these 
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ixfiil conductors are attached the tenninal eleetrodeB, or iliachargera, 

stance apart can be varied. 

The machine is aelf-exciting, provided there are sufficient aectora, 

and generally requires neither friction nor any outside electrifieaiion 

t it. In case of difficulty the neutralizing brushes must be 

. If these be rightly placed, and make propei' contacts, the 

e ciinnot fail to excite. 

In place of glass the machine can be made with ebonite plates, 

{which are said to have certain aflvuntagea. They are not so liable 

9 breakage during transit or in use, and they can be safely driven 

L high speeii. Thei-e is, however, an objection to the use of 

hbonite, for it gradually deteriorates on the surface, and loses its 

insulating properties. Moreover, plates of ebonite cannot be kept 

, and give much trouble through warping ; glass is therefore 

Mr. Pidgeon has introduced modifications into the Wimshurst 
nee machine by adding fixed inductors to reinforce the 
between the plates, by increasing the size nf the tinfoil 
BCtors, and by carefullj' insulating the eoctors from leakage to 
wh other, and in this wav he has succeeded in ineretiaing, veiy 
lotably, the output of a mnchine of a given size as compared with 
the output of an tmmodiJied machiue having plates of the same 
[dimensions. 

t IB advised that a Wimahurat machine for /ray work should 
e four or more plates of 3G inches diameter. Smaller machines 
be used, and fair work may be done with them ; but for liest 
rork at least four plates of -36 inches are recommended. The figure 
B one constructed for my own use by my friend, Mr. C. L, 
Jchwind (Fig. •!). 

1 machine gives streams of sparks from 10 to 12 inches 
Mift without Leyden jarp, and when rnnning at the slow speed of 
) revolutions a minute it serves admirably for screen work, and 
1 fine pictures of the trunk. The plates have thirty sectors 
ich. The stand is made of steel tubing ; the hubs of the discs of 
n-metal. The machine is enck)se<I in a glass ease, to protect it 
np and from duet. It runs silently and smoothly, and has 
I failed to excite on any occasion during two years and more of 
OBlatit use. The glass case is an essential part of any machine 
CBly to be wanted at short notice. 

' e Holtz machine all the moving plates rotate in one 
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direction, and between them there are fixed inductor platen of 
gloss. The excitation of the machine must be deiived from an 
outside source in the first place, but, once excited, the apparatus 
will continue to profbite an abundant supply of electricitj' so 
long as the rotation of the plates is continued. Usually a small 
accessory exciting machine ia tilted in a comer of the c 




iieaeential difference betueen the Holtz and the Wimshurst 
machines is that the former works beet when discharging fi-eely, 
and the latter when not discharging freely. The Holtz, therefore, 
is less unfavourably affected by the small leakages and brush 
disehoi^s from the conductors which cannot be a(oided in .i- ray 
(work; but, on the other hand, it is more likely to fail altogether 
in hot, damp weather. The motleni (b)lu machine as elaljornted 
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in the United States is considerably modified from the original types 
de\ise<l by Holtz himself, and is a more trustworthy instrument ; 
for it has no tendency to lose its excitation when running, nor to 
reverse its polarity. 

II. THE INDUCTION COIL 

The RhumkorfF coil is an instrument for producing electrical 
discharges at a high potential when fed with current from a low 
pressure source. 

Energy is not in any way created in an induction coil, and 
owing to various losses the output of the apparatus is less than 
the energy which is supplied to it ; therefore the great increase 
in the electro- motive force of the discharges of a coil is accom 
panied by a correspondingly great decrease in the magnitude and 
duration of the current as compared with the current supplied to 
the apparatus. 

An induction coil consists of an iron core on which are wound 
two independent circuits of wire. These are called the primary 
and secondary coils. The former conveys a battery current to 
magnetize the core, and to set up a strong magnetic field through 
and around the secondary coil. The currrent in the primary coil 
is caused to vary rapidly by means of a mechanical de>'ice, or 
interruptor, and the rapid changes in the intensity of the magnetic 
field which are thus produced react upon the windings of the 
secondary coil and induce an electro-motive force in each turn of 
the wire. The sum of the electro-motive forces in all the individual 
windings is the electro-motive force of the whole coil. 

The setting up of the magnetic field when the current is * turned 
on * in the primary is a slower process than the disappearance of the 
magnetic field when the current is broken, and the rate of change of 
the magnetic field being a factor of prime importance, the electro- 
motive force induced in the secondary coil at the * break ' is by far 
the greater. 

In working with ./-ray tubes the current induced at * make ' may 
be disregarded, as its electro-motive force is considerably below 
that at * break,' and is not sufficient to excite the tubes. This is 
fortunate, because the * make ' current would be in the wrong direc- 
tion when the current at * break ' is right for the excitation of the 
tube. 
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Th<r yrimMry winding of a large coil is of thick ec^iper wire^ 
for it hsun to cam' currents of considerable magnitade without 
l^^x/uiing heated. The core is made of a bundle of fine iron 
wireifr carefully annealed to facilitate the magnetic changes which 
are Ut take place in them. The secondaiy coil is <rf fine wire 
ttsir^uiW cot'cred nith silk insulation, and ten miles or more may 
lie i^juired. 

To isecure a good and lasting insulation of the secondaiy coil is 
eMwential. The core is wrapped in varnished tape, and, after being 
woutui with the primary' wire, is usually enclosed in a thick \~ulcanite 
tul>e. On the latter the secondarj- wire is wound in layers, separated 
irfffu each other by paraffin-paper, or by shellac varnish in certain 
^;ai(e«f, [xirticularly for use in hot climates. When finished, the 
whole in carefully soaked in melted paraffin. For small coils the 
m^'Afiahiry is wound in single layers along the length of the lx)bbin, 
like i'jjtUm on a real : but in large coils it is best wound in two or* 
in many sections, an arrangement which may be compared to a 
rtfw of reels arrangcl side by side on a spindle, with the ends of 
i'XftUm camVl from one reel to the next. 

A rj-ifich coil may have seventy or eighty of these sections 
arrange^l side by side and sejxarated from one another by thin discs 
of eWiite. 

'ilie apix^arance of the completed coil is well known (Fig. 3), and 
the diagram of its constniction may l)e seen in Fig. 4. 

In a h(}X l>elow the l^oard on which the coil is mounted, and 
forming j>art of the base of the instrument, is placed the condenser. 
This cjmMHtH of a number of sheets of tinfoil insulated from each 
other by sheets of par-affin-paper. The metallic sheets are con- 
uiU'.ted in two sets, the even numbers on one side being connected 
to one of the two supports of the contact-breaker, and the odd 
numl>erH on the other side to the second support. The object of 
the corulenser is to demagnetize as quickly as possible the soft iron 
core, tts the length of the spark depends upon the suddenness with 
which this is accomplished. When the cunxMit from the battery is 
broken, and electro-motive force is induced in the primary wire in 
the same direr.*tion as that of the primary current, and this dis- 
charges into the condenser first, and from the condenser it traverses 
the primary windings, producing a momentary reverse current in 
the primary wire, and thereby favours the demagnetization of the 
core. 
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At the aide of the contact-breaker ia ugually fomid a commutator 
awitch for connecting the coil to the battery or for changing the 
direction of the current in the primary circuit. 

The break or interrupter is an essential in the working of the 
induction coil. Various interrupting devices are need, the simplest 
of them being the so-called vibrating hammer. An upright spring, 
iirmed at one end with a heavy piece of iron, is fixed on the base- 
board, so that the head of the hammer is exactly oppoaite the centre 
of one end of the core of the coil, at a diatance of about J inch. 
Fixed to the hammer, on the face away from the core, ia a piece of 




Fic. 1.— Plas Of Coil : C B Coktait Bbkak. R Battkbt. P Primart. 
S Secondabt. C SotT Iron Cobe (inside phiu.miv). H Hahheh. 

C CONllBNBHR (LOHBB V.VRT or VlriTRE). SO SPARE GAP. 

thick platinum, and opposite this, on a brass pillar fastened to the 
base, is a screw carrying at its point another piece of platiinim. 
Connections are made underneath the base-board, so thjit the ciirrent 
to the primary coil must pass through the junction of these two 
pieces of platinum and their supports. The current magnetizes the 
soft iron core, which then attracts the iron hammer, and so draws 
apart the two platiinim points ; when these are separated the cireuit 
is broken. The current ceasing to flow, the core ia demagnetized, 
and no loiigei' attracts the hammer, which falls liack to its original 
position, when the current flows again into the primary and the 
process is repeated. The screw C B (Fig. 4) serves as an arrange- 
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ment for adjusting the distance of the hammer from the iron core, 
while the tension of the spring is regulated by a screw that can be 
made to stiffen the hammer-spring, and thereby to hold the platinum 
points together against the attraction of the core, and thus to pre- 
vent any break of circuit occurring before the magnetism of the 
iron core has reached a proper degree of saturation. The greater 
the tension of the upper screw (provided it be not made so tight as 
to stop the ^^bration8), the longer will be the sparks given out by 
the coil, and it is by careful regulation of the tension screw that the 
working of the coil is adjusted to suit the various tubes employed 
in a:-rav work. It is as well to note that the contact-breaker works 




Fio. 5. — Vril Contact-bkkakkr. 



best when the face of the iron hammer is kept close to the end of 
the core. 

The Vril contact-breaker is a modification of the foregoing. It 
was devised by Mr. J. King, A.M.I.C.E., and is made by W. Watson 
and Sons. It >vill be seen from Fig. 5 that the iron hammer is 
mounted as usual, but the platinum contact is carried by an inter- 
mediate spring, B. 

When in action, the attraction of the hammer by the core causes 
the point of screw D to impinge on the top of spring B, so causing 
a separation of the platinum points, F. The advantages claimed for 
this break are that a more prolonged contact is afforded, giving 
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le for the thorough magnetic saturation of the core ; ihnt in eoii- 
wquence there is an economy in the expenilitm-e of battery powei' 
as compai'ed with ofditiury patterns, ami that the break is more 
sudden and the liability to burning uf the platinimi contacts is 
iliminiahed, while 'sticking' is almost impossible. It is a good form 
of break. Simitar forms of breaks are fitted to coils by other 
makei's, and in some of these an indepoixlent electro-magnet is used 
to operate the movement. 

Many workers with Rontgen rays still use the ordinary \-ibrating 

Bpring contact-breaker described above, and for photographic work 

lis contri\'ance gives very gmxl results even with coils giving sparks 

to \'l inches. Fur screen work the flickering illumination given 




Fio. 6.— Motor Mbbcuht Bkeak. 



with this form of contact-breakei' is disagreeable, antl more rapid 
breaks are necessary to prmluce the effect of steady illnminalion of 
the screen. There ai-e two kinds of rapid break : the mechanically- 
driven mercury break and the 'electrolytic breaks ' of Wehiielt and 
Caldwell. 

Mercury Breaks 

Of the former class three types may bf noticed. In one the 
oontactN are made and broken l)y a rot! which is made to dip into 
ttiid out of mereiny (see Fig. 6). The movement of thf mechanism 
is usually effecterl by a. small electro-tnotor driven by an independent 
bnttery. and the speerl can Ik> varied by the regulation of the cun-ent 
supplied to the motor. The range of movement of the rod which 
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ilips into thi- luercurj- can aleo \y& adjusted, and the best coiiditiune 
arc obtaine^l when the rod is in contact with the mercury for the 
great part of each cycle, and la 'vxt of the mercury for a relatively 
ahort pteriod. This is necessary because the growth of cuiTent in 
the circuit is not instantaneous at the moment of contact, and time 
is needed for the magnetic satui-ation of the core. To diminish 
oxidation from sparking, the surface of the mercury is covered with 
petroleum or alcohol or water. 

The second tj-pe of mercury bi-eak is Iwst illnwtraLcd liy Mackenzie 




Daviflson's recent instrument (Fig. 7), in which the contacts are 
made by a radial arm projecting from a rotating spindle, and coming 
in contact with mei-cury as it revolves. This, too, is driven by an 
electro-motor, and the action of the break occurs beneath a layer of 
paraffin oil. When properly made the Mackenzie Davidson mercury 
break is at once the liest and cheapest of its class. 

A thirf type of break has a jet of mercury which impinges upon 
a. rotating metallic surface with apertures cut in it. The turbine 
break and Max Levy's break are of this kind. 
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All high speed breaks require high electro-motive forces to give 
good results. Consequently there is not much advantage in using 
a rapid break unless a good numl^er of accumulator cells can be used 
If an experiment be tried, it will be found that the sparks given out 
bv a coil fed from a small number of cells will become feebler as the 
speed of the mechanically-driven break is increased, while if the 
number of accumulator cells in circuit be increased the sparks will 
become longer for the same speed of breaking circuit. 

On the other hand, with a vibrating spring contact-breaker the 
electro-motive forces applied to the coil cannot safely be increased 
beyond a certain point, whereas \nth a sufficiently rapid break 
electro-motive forces up to 100 volts or higher may be used with 
advantage, provided the speed of the break be increased in due pro- 
portion, and in this way we arrive at the direct employment of the 
electric lighting mains (continuous) for working r-ray coils, a method 
which is only possible with rapid contact-breakers. 

Electrolytic Breaks 

The most rapid break of all is the electrolytic break of Dr. 
Wehnelt. This depends for its effect upon the formation of 
bubbles of gas at the poles of an electrolytic cell. When one pole 
is of small surface, the bubbles of gas formed there render the 
current interaiittent, the interruptions following each other with 
extreme rapidity. 

It is interesting to note that Spottiswoode employed a contrivance 
of this kind for use with coils, and spoke of interruptions with a 
frequency of 1,000 a second obtained in that way. 

Wehnelt's break, as usually constructed, consists of a glass jar or 
vessel filled with dilute sulphuric acid ; the kathode is a sheet of 
lead, while the anode is a platinum wire insulated except at its 
extremity, which is deeply submerged in the electrolyte. Moans 
are provided for increasing or decreasing the exposed area of the 
platinum. When a steady electro-motive force, which must be of 
at least 24 volts, or higher, is applied to the api>aratus, arranged in 
geries with the primary circuit of a coil, the discharge through the 
circuit thus formed becomes intermittent, a ]>eculiar shrill note is 
given out by the electrolytic cell, and streams of sparks are given 
off by the secondary coil. The contact-breaker j)roper of the coil 
must be screwed down, and this puts out of gear the condenser, but 
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the coil works perfectly well without any condenser. It is im- 
portant to see that the electroljtic break ie not connected up to the 
wrong poles of the circuit. 

In Wehnelt's apparatus the intermittent character of the dis- 
charge is due to the formatioii and dissipation of gas bubbles at the 
anode. There ie a modification of the apparatus of a fundamental 
kind, due to Caldwell, and independently to Simon, and their 
apparatus is likely to supersede the original pattern. 

These observers bring about the formation of bubbles of gas at a 
point in the cell remote from the poles, and thereby secure several 
advantflges. The form of li([uifl interruptor which is now in general 




nse in this country is known as Campbell Swintoii's modified Cald- 
well interruptor. It is a cell containing the usual electrolyte, dilute 
sulphuric acid, and two plates of lead for atiodc and kathode. A 
partition of glass or [wrcelain separates the cell into two parts, each 
containing one of the metallic poles. The partition has a small 
hole through which the liquids in the two portions of the cell com- 
municate. Owing to the high density of the current at this narrow 
opening, this {Kirtion of the circuit becomes heated, and bubbles of 
gaa (steam) are generated there and break the circuit : the bubbles 
are almost instantaneously dissipated and as ijiuckly renewed, the 
rate being in part determined by the size of the hole. 
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P'ln ita uaual form (Fig. 9) the apparatus coiisiBts of a wooden 
I containing a glass receiver with an inner cylindrical veasol of 
glaaa, suspended so that it doea not rest upon the ^loltotn. This 
inner cylinder has a small hole at the lower end about 3 or 4 milli- 
metrea in diameter. Into thia hole projects the conical end of a 
gloss rod fixed in a vertical position and attached to an adjustable 
screw so that it can be raised or lowered aa required. In this way 
the aperture can be opened or closed wholly or in part by altering 
the position of the rod. The frequency of the interruptiona alao 
varies as the size of the aperture is altered. Connections are made 
ms of terminals nttachcd to two lead electrodes dipping into 




LiuciLi laikasii'i 

I inner and outer veasels reapectively. When operating, the 
IGquid is found to rise in the inner cylinder, which is accordingly 
provided with an overflow channel through which the liquid returns 
into the outer vessel. As both poles are of lead and of large area, 
i is no special need to make the connections in one particular 
8 required for Wehnelt'a form. 
1 either of these liquid iriterrnptors, the appearance of the 
) of a coil is considerably altered, The sparks from the 
r terminals follow one another so rapidly as to give the 
Uice of torrents of sparks passing simultaneously, and with 
8 approaching 100 volts, and adjustment for the highest rate 
ition, the discharge has the form of an arc of pale yellowish- 
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groon Hiiino. For uho with Ji-ray tubes it is best not to drive the 
v\\\i} of itiU^rrnptioti too high, as few tubes ^iiU stand the discharge. 
*V\w highor th<) proHsuro the more rapid is the break, and the smaller 
tho iipi»rturo ((-ftldwDll) or the exposed platinum (Wehnelt) the more 
t^pid iiiv tho IntorruptionB. 

Mr. Harry (-ox han brought out a form of Wehnelt break which 
Ir iMiitI to work Hmoothly and (piietly, and to be free from the 
toiulonoy to * fatigue 'exhibited by the earlier forms of the apparatus. 
In thiw iuMnnnont (Fig. H) the kathode has the form of a curved 
liMul K\\\m\ and tho uuimIo consints of a thick copper >vire which lies 
iMMifMMitrirnlly witliin it» and is tipi)ed with a platinum wire project- 
ing ft»r mnuo diMt4in(M\ whilo tho rop|H?r conductor in the interior 
of tho loadon tubo iH omlHutdcd in an insidating material. The 
dim'hargo fn^n Htunlotoknlhodo through the electrolyte is regulated 
by n gluRH mIoovo or tulu» which slides over the exposed platinum 
win* no an to h»avo xwwxv or loss of its surface uncovered as may be 
dosiird. 



nr THI AOOUMULATOR, OR STORAGE BATTERT 

'l'lu> tvpi«N'd J HIV !*ot is usuidlv driven bv aooumulators, from 
oight to ton \AU {U\ to lM vohs\ Unng ousiomarv for a 12-inch 
s|Vrtvk \^\\\, W hoh» outsido ivolunging is t\isy to obtain, the employ- 
mont of rt^vunndutors gixos no tnmblo ; but under certain cireum- 
«t{UbMW \\w volN ni«vv brtxo to Iv obargtsi ^t honu\ ami the question 
ot nxonn-^ n\nM W rounidowd. Tho |vvssiUlitii>s in this case are as 
t\^Uo^\ * 

\ Tho UM» of primary K-^tionos. 

'\ Tho \i*o of rt \U tu-i^no driwn by ^vwor. 

*^ Tho ii-^o of tho oUsMvio Ujiht nviiin^ 

\od wndov thoRi^ hondn\iiv wav Iv tor.mi a Un?p mimWr of 

»V- v .'V f. .'•':.»■» '»'^r-».v .\*vunu;UnM> wwy He chax^^sd in 
tbi* Nx.iN \xnboM! r^nx d\1^»\dtio«> oXtv^M tbo^"^ whioh au<iDd the 
l^-^nd)n\5i ,ind mJn;\^;vn\on^ ot ^Mim.'^vx Iv^tt^'^n^'^s, Sivh draw)iaeka» 
biMxvN^^v. rtn^ b\ Mt^ n^Muv hKht. ?^v tb*' }v.v]\*r*ti^*n oi Kanieries 
jv ^, u\\v^\\^ ;o\d dtv^vMNMVil^io !rtvX S'^wTs' v.> ws *"*f pTiinaiT oeU 
brtNv Kvn iNH^M^o^^ond^v^ t)\o IVnuoli. xht^ bHh:v"»Ti>at^ The 
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the copper oxitle (Lalaiide and Chaperon and ' Cupron '* 
^lemetit) all can lie used. The Dnniell cell can lie truEted to give 
a steady current for a twonty -four-hours run when properly set 
up, and in that time should be able to give a charge of, fiay, twenty- 
four amperc-houra to the accumulator. The electro-motive force of 
the Danietl cell hiay bo taken ae 1 volt, while that of an accumulator 
cell is 2 volts. Two Daniell cells ai-e required, therefore, to Iialanee 

[ileciro-motive force of each coll of the accumulator to be 
and coTisciiueiitly, fur charging pur|)iiscs, the liaitery iif 

Dariiull cells niiiat cuusist of more than this number for each accu- 
mulator cell. To charge at a reasonable rate thi'co eulls nniat lie 
used fur each accumulator cell, and this in the case of an eight-cell 
nccumulutor means twenty-four cells, demanding a considerable firet 
eoet, an<l a groat amount of labour in preparing the cells and in 
cleauing after iiae. The Daniell cell must be used as soon as it is 
set up, for it will not remain long In good condition on open circuit. 
jcumulator cells cannot be kept in proper order unless they ai-e 
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reuliarged frequently ; indeed, the rechargiiig ought to bf liont! 
every week, or every fortuight at the outeiile, and it ia pfobable 
that very few of those who use Jr-rays would be found willing to 
face the work of keeping them properly charged from primarj* cells. 
The Bunsen and the bichromate ct^lla have an electro-mod ve force 
which is nearly twice tbat of the Daniel! cell, and a fewer nimiber 
of cells would be required, but they have defects of their own. The 
former can only be used in an outbouse or a fume-chamber, because 
of the poisonous gases which they emit, and the latter are incon- 
stant, and cannot be counted on for a run of more than an hour nr 




FlO. 11.— BlCHROHATK B.^TTKHI. 



two at a time- Ther^ is a modification of the Bunsen cell in which 
the nitric acid is replaced by a mixture uf dibit* sulphuric acid 
and chloratv of potash, which has certain advanutges and might be 
tried. 

The copper oxide cell of l^lande and Chaperon, with its modifi- 
catioD by Edison and its more recent form, the 'cupron ' element, 
have a lower E.M.F. (■(• volt) than the Daniel), and therefore an 
fvcn larger outlay in primary cells is iieces$ary in their case. 
Practically the rwhargingof accumiUators by primary- cells is out of 
the t|uestion for serious ,f-ray work. an<l it is doubtful whether 
there is anyone who makes use of the method. For a small coil 



• ELECTRICAL APPARATUS AND METHODS 33 

requiring less power to drive it, and for amateur work the recharging 
from primary batteries might be attempted, but for such light work 
primary lotteries might be connected directly to the coil. The 
direct use of primary cells for driving large coils is not impossible, 
although it is rarely practised. Most primary cells are unsuitable 
because they have too high an internal resistance, and therefore 
cannot furnish currents of sufficient magnitude. The only practical 
cells which are made in sufficiently large size for the purpose are 
the Edison-Lalande, the * cupron ' element, and the bichromate, with 
some contrivance in this last case for lifting the plates out of the 
liquid during the periods of rest. The copper oxide cells in their 
largest forms would probably work ir-ray coils cjuite well, and when 
once set up would keep in good order for many months before 
needing any renewal of parts or of exciting liquid. They consist 
of zinc and copper oxide plates in strong caustic soda solution. The 
internal resistance is very low, and the cells will give a discharge 
of 5 or 6 amperes ; with twenty cells a large coil should work 
fairly well, but the first cost of the battery would be nearly £20. 
When once set up, these cells give 500 ampere-hours before 
needing to be renewed. They do not deteriorate when left to 
themselves on open circuit, and the renewal of parts is not a serious 
expense. 

Recharging from a df/nanw machine driven by power is a more 
practical way of working. Here the chief difficulty is that con- 
nected with the source of the power. Opportunities for using a 
water-motor, a windmill, or horse or man power for accumulator 
charging are exceptional, and need only be mentioned here. The 
use of a tandem bicycle, with the hind-wheel raised off the ground 
and belted to a dynamo, will be remembered in connection with 
Major Battersby's admirable work in the Soudan campaign, and the 
same means of charging cells has been used more recently in South 
Africa. Direct driving of the coil from a dynamo worked in this 
way is quite practicable. A one-quarter-horse-power dynamo has 
a calculated output of nearly 200 watts, equivalent to 4 amperes at 
50 volts, or 8 amperes at 25 volts. For field-work in time of war, 
perhaps the simplest device of all would be a motor tricycle fitted 
up to carry the coil, etc., when on the march, and to drive a dynamo 
by means of its engine when wanted for ;r-ray work. 

Where power can be obtained the process of charging presents 
few difficiUties. The dynamo must be shunt-wound, and, unless 
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\ specially designed to suit thu l>att«ry it ie to charge, there miiat 
I 1)8 some form of regulating resistance to protect the cells or the 
dynamo itself from damage by excess 
of current. The simplest outfit is a 
small gas-engine and dynamo, and if 
there is a considerable amount of 
work to be done— as, for example, in 
hospital work- — the coat of a half- 
liorse - power engine and dynamo is 
not prohibitive. For gas the cost is 
about £,2-}, and the same outfit for 
use with oil instead of gas comes to 
£35. In this connection it is im- 
poilant to note that miniature gas- 
engines are now reeeinng attention 
from the makei-s, and a machine of 
one-eighth of a hoi-se-]H»wer, and 
capable of steady rtmning, is now to be bought, which should 
be the very thing for charging accumulators for j-ray sets. Gas- 
engines by inferior makers must be avoided, as they are apt to be 
troublesome. 




IV. THE USE OF ELECTRIC LIGHT MAINS FOR 
BATTERIES AND COILS 

In places supplied with constant current for electric lighting the 
accumulators can easily be kept in good order and fully charged by 
connecting them to the mainn through a lamp or other resistance, 
and leaving them there as long as may Iw necessary. The more 
often they are charged the better it will be for the cells. Thus, if 
the aecumulatora have a capacity of 20 ampere-hours, and current 
ia taken from them to the extent of 2 amp^i-e-hours daily, it would 
be better to recharge to that extent daily, and not to wait until the 
cells were completely run out before starting to recharge them. No 
harm can be done to the cells through charging them too long or 
too often. 

The rate of discharge of the colls when working the coil cjui be 
measured with sufficient accuracy by an animett'i', iirid this figure 
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es) multiplied by tho time of working (exproesecl in hours 
«r mintites) gives the amptre-hom-a or aiup^re-niiniitee of the dis- 
charge from each cell ; and, similarly, the rate of charge from tho 
mains, in amperes or fi'actions of iin ampere, m.iiltiplied by the time 
in hours, gives the ampere-hours of the clmrge. It is useful to know 
that on a 100-volt cii-cuit a l«ittery of eight or ten accumulators 
would be charged at the rate of about half an ampere through a 
six teen-candle-power lamp, and at twice that rate through a thirty- 
two-cai idle-power lamp. 

To charge from the mains with a lamp in series, the battery must 
be connected so that the current which goes through it must also 
go through the lamp. In the case of a lamp suspended by a flexible 
wire the conditions would be met by cutting one of the two strands 
of the double wire, and untwisting the cut ends for a few inches so 
as to give siitficient length for connection to the two ends of the 
ttattery. Aa one of the severed ends is positive and the other is 
negative, there will he a right aiifl a wrong way of connecting up. 
In the former the direction of the current from the uwin will be 
opposed to that of the battery, the lamp will burn more dimly, 
and the battery will receive a charge. In the latter it will not 
receive a charge, imt, on the contrary, it will discharge, reinforcing 
the cuiTent of the main, and the lamp in the circuit will burn too 
brightly. The effect on tlie lamp is the simplest guide to the right 
way of connecting in the battery, and when once determined the 
en'Is may be marked in some way for future guiflance. Another 
way of testing the polarity of the ends of wire is to lay them on 
a piece of wet litmus-paper ; the papei' will lie reddened whei-e 
it touches the positive pole, and turit blue where it touches the 
negative- 

If, instead of considering a flexible wire divided as jusl described, 
we consider a piece of electric light wiring enclosed in the ordinary 
wood casing, it will be seen that the same results can be obtained 
by removing a few inches of the cosing cover ; one of tho two wires 
can then be cut and the ends bent up a few inches apart and 
brought through holes in the cover, where they may be attached to 
binding screws for the sake of neatness. The battery can then be 
attacheil to these binding screws by means of wires when it is 
wished to charge, aud when charging is not in progress the 
battery can be detached and removed, and the binding screws 
directly connected to each other by a neat connection of wire. 
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The lamp will then be ready to give light if required for that 
purpose. 

Ready-made appliances for charging through a l^mp can be 
bought from the instrument-makers. Usually they consist of a 
board carrying one or more lamps in sockets with a pair of charging 
terminals, and a flexible wire with plug for attachment to wall- 
socket or lamp-socket, as may be desired. It is as well to bear in 
mind that with the ordinary lamp-socket ^nth bayonet-catch there 
are two possible positions of insertion of the lamp or plug, and 
therefore the binding screw which is positive for one way will be 
negative for the other. With conrentric wall-plugs the polarity is 
always the same. 

For much useful information and tables of rate of charging of 
batteries from the mains, etc., see * Portative Electricity,' by J. T. 
Niblett (Biggs and Co., Salisbury Court, E.C.). 

The existence of continuous current mains, while simplifying the 
process of charging accumulators, at the same time does away with 
the need for accumulators to a great extent. The direct driving of 
iT-ray coils from 100- volt mains with the aid of modern rapid inter- 
ruptors will be preferred in most cases for work in the place where 
the mains are to be found, though there will still be some small 
need for accumulators in such a case when the coil and ;>-ray outfit 
has to be transported to the bedside of a patient. 

The last case to be considered is the charging of accumulators in 
a place supplied by alternating current only. Alternating current 
cannot be used directly for charging accumulators, but much in- 
genuity has been devoted to the solution of the problem of making 
indirect use of it for the purpose. So far there is no very con- 
venient and cheap method. The aluminium cell is a device which 
depends upon a peculiar property of that metal, in that when it is 
made the anode of an electrolvtic cell it offers a verv considerable 
resistance to the passage of current, although when it is the kathode 
this is not the case. Consequently, when supplied by alternating 
current, a cell with one carbon pole and one aluminium pole im- 
mersed in alum solution will stop one set of alternations and allow 
the others to pass, making out of the alternating current a current 
which is unidirectional and pulsating. This ' valvular ' effect fails 
with pressures over 20 volts, and when the electro-motive force of 
the charging cun^nt is higher than this an appropriate number of 
aluminium cells, arranged in series with each other, becomes neces- 
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sary. By this means it is possible to charge secondary cells from 
the alternating mains ; but after a few hours' use the aluminium 
plates corrode, and their renewal becomes troublesome. The method 
has therefore not been widely adopted. 

Another method of utilizing the alternating current is to use it to 
drive an alternating motor, and to cause this motor to drive a direct 
current dynamo from which the current is drawn for the charging 
of the cells. This method presents no difficulties except that of first 
cost, and has been in use in the electrical department at St. Bartho- 
lomew's Hospital for some time. 

The next step is to combine motor and dynamo into one instru- 
ment, and this is now being undertaken by Mr. Marshall, of 
2, Gray's Inn Road, who has kindly sent the following account of 
his machine. 



Alternating Ourrent Rectifier 

This machine will change alternating current into a unidirectional 
current suitable for charging accumulators and so on. It consists of 
a synchronous alternating current motor, with a double winding on 
'the armature. One winding is connected with a pair of insulated metal 
rings which receive the alternating current through copper brushes ; 
the other winding is connected with a commutator from which con- 
tinuous current is collected by a pair of copper ))rushes, the voltage 
being in constant and definite ratio to the supply voltage. This 
ratio can be arranged to suit the number of cells which it is required 
to charge — ejj., 18 volts and 3 amperes to suit a six-cell accumulator. 
The method of using the machine is as follows : The accumulator 
is first connected through an adjustable resistance to the terminals 
on the commutator side of the machine, which then starts as an 
ordinary direct current motor driven by the accumulator current ; 
as soon as the armature rotates with a speed such that it is in 
step with the frequency of the supply circuit, the alternating 
current is switched on to drive the machine, which then runs in 
step as a synchronous alternating motor giving out direct current 
into the cells. The machine is self-exciting, and can also be made 
to serve as a motor to drive a lathe or any small machine requiring 
one-quarter horse-power or less. The speed will vary according to 
the frequency of supply : with a frequency of 100 periods per 
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second the speed will be 1,500 revolutions per minute; a lower 
frequency will give a proportionately lower speed. If the machine 
is to be used for working a Wehnelt interruptor, a second com- 
mutator is added, and the current used for the interruptor is not 
drawn from the coils of the machine, but is simply rectified in the 
second commutator, the machine being started up to synchronous 
speed by means of the cells as before, and the cells being switched 
off as soon as this speed has been attained, and the alternating 
current switched on in its place. 

The instrument is supplied either with single commutator, suitable 
for charging an accumulator such as is generally used for working 
an a^ray spark coil, or with a second commutator and choking coil 
for use with liquid interruptor. 

Dr. Morton of Taunton has recently described and exhibited a 
rectifier which works admirably in his hands, both for charging 
accumulators and for working ./-ray coils direct. The principle of 
his machine is a commutator driven at a uniform speed by the 
alternating current itself. The commutator is mounted on the 
axle of a small motor which runs in true svnchronism with the 
pulsations of the alternating current ; the commutator segments 
therefore change in sign in step with the change of sign of the. 
alternations of the current, and they pass under the collecting 
brushes at such an interval of time that the segment under one 
brush is always positive, and that under the other is always 
negative. The current led off from these brushes is therefore uni- 
directional and pulsating, and will charge an accumulator. 

Yet another apparatus, shown in 1901 before the Rontgen Society 
by Dr. Hadden, has a magnetic tongue or spring vibrating between 
the poles of an electro-magnet fed with the alternating current ; the 
polarity of the electro-magnet changes at each alternation of the 
current, and the moving spring is accordingly attracted to the one 
side or the other in turn, and in its movement between two contact- 
points it is made to *commutate' the alternating current and rectify 
the impulses so that they succeed each other in one direction. This 
ingenious contrivance deserves further attention on account of its 
simplicity. It is perhaps best suited for charging accumulators at a 
slow rate, though it was shown by the inventor in actual work upon 
the more difficult duty of driving a coil direct with a Caldwell 
interruptor in circuit. 

The direct application of the alternate current mains to the 
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eitstion of induction coils has heen tried, but only with limited 
"gucceBs. When a coil of ordinary construction with i-ibmling tiiter- 
ruptor is fed by an alternating current it works vory much as when 
supplied with a battery current, hut the appearances in the -f-ray 
tube show that the discharges of the secondary coil are not all in 
one direction, and the phosphorescence of the tube is therefore 
irregular. This would l)e obviated if the contact-breaker could 
vibrate in step with the periodicity of the current. The intro- 
duction of the electrolytic interruptors has attracted fresh attention 
to the problem, because it has been noticed that there is a certain 
natural tendency on the part of electrolytic breaks to ' rectify ' the 
alternating current by transmitting the pulsations in one direction 
more readily than in the other, and it has been claimed that this or 
that make of liquid interruptor can be used with the current of the 
alternating mains. 

A recent article by Dr. Dujon* describes hia experiences and 
methort. He states that he obtains tirst-rate results, and that 
the discharge of hia l-l-ineh spark coil was absolutely unidirec- 
tional, so that reversing the commutator of the coil had exactly 
the same eflfect as if he had been using a battery current. 
His voltage of supply was 110, and the periodicity was 53 per 
second. Apparently the ftill pressure of the mains was best, with 
the ammeter in the primary circuit reading between 4 and 10 
amperes ; but a certain amount of graduation was possible by 
adjusting the amount of exposed platinum in the AVehnelt to suit 
the altei-alion in the voltage. A minor difficulty was the over- 
beating of hia tubes, and this, too, suggests that regulation was 
somewhat difficnit. 

A point of importance, probably, in his success was the low 
periodicity of the current employed. In London the usual periodi- 
cities of alternating supply currents are much higher, 80 to 100 
being usual, anfl the self- induction of large coils, as usually wound, 
is so great that at these high periodicities very little current will go 
through the primary from a source at 100 volts, even when there is 
no interruptor in the circuit at all. 

High Potential TransformerB.^ — Several important papers 

hnve appeared in the Jrrhivts if EWInctl^ MMkak for 1900 and 

lilOl on the use of ti-ansfomiers wound to give an electro-motive 

^■force sufficient lu work /-ray tubes directly. The transformers are 

^^ft - ArrbiMt d-£krtrkUf MMimU, April, leOl, 
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worked from the alternating mains, and take the place of the coil. 
The current they give out is, of course, an alternating one ; but 
M. Villard, the writer of the papers referred to, has invented an 
extremely ingenious device for correcting this. He uses a vacuum 
tube one of whose poles is a straight fine wire in a narrowly-con- 
stricted part of the tube, whereas the other pole is a long helix 
suspended freely in a wide, globular portion of the tube. A tube 
of this kind will transmit current freely when the helix is negative ; 
but when the \^'ire in the narrow portion is negative it transmits 
little or none. M. ^^illard arranges one of these valve tubes in 
series with the :r-ray tube, and obtains very good results. His 
transformer is oil-immersed, wound in two separate portions, and 
raises the electro-motive force to 50,000 volts. By inserting two 
valve tubes, or throttle-tul)es (soujxipe), he is able to use both 
alternations of the current, and direct them both in the right 
direction through his :r-ray tul)e, or — and this is still more impor- 
tant — he can illuminate two separate tubes alternately, thus securing 
the best possible effect for stereoscopic radioscopy. His papers are 
fully illustrated, and form a most important contribution to a^ray 
literature. 



V. THE VACUUM TUBE 

Soon after the invention of the induction coil, it was found that 
a spark which passed with difficulty in air did so much more readily 
in a partial vacuum. A glass tube having a piece of platinum wire 
sealed into it at each end, and the air inside it exhausted to one- 
hundredth, becomes filled with a luminous glow on passing the 
discharge of a coil through it, and if it l)e examined with a spectro- 
scope it will show the characteristic lines of the residual gases, 
namely, nitrogen and oxygen in the case of air, or of any other 
gases which may be introduced into it before the exhaustion. This 
apparatus was named the Geissler tube, and has been made in 
infinite variety of form on account of the beauty of the luminous 
effects produced. The gas at low pressure in these tubes conducts 
better than air at the ordinary atmospheric pressure, and a tube 
6 or 8 inches long can be well lighted up throughout by a coil 
whose sparking distance in air is less than 1 inch. The various 
appearances in these tubes, and their changes as the exhaustion of 
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Bie air was increased, were carefully investigated by De la Rue anil 
Spoitiawoodc. Beyond a certain degree of exhaustion the resist- 
ance of tbo t\ibe increases again, and the luminous appearance 
inside the tube becomes fainter, iiiitil at last it disappeai-s, and in 
its place one sees a brilliant phosphorescence of the glass wall of the 
tube, which otherwise appears dark and empty. The phenomena 
at these high exhaustions were studied by Crookes, and illustrated 
and explained by him in a brilliant research. 
It is necessary to carry the exhaustion to 
about one-millionth of an atmosphere to pro- 
duce his results, which he proved to be caused 
by the action of the negative pole (kathode) 
in causing a stream of gaseous mole<^ules to 
be propelled from the surface of the kathode. 
These molecules were free to move, owing to 
the tenuity of the atmosphere inside the tube, 
and travelled at a high velocity luitil they 
struck some solid object, usually the wall of 
the tube itself, where their energj' was ex- 
pended in producing phosphorescence of the 
glass and heating it. The study of the kathode 
rays was pursued still further by Lenard, 
who showed that effects of radiation could be 
detected in the apace outside the walls of the 
tube by the production of phosphorescence, 
and by an action upon photographic plates. 
It was while investigating this part of the 
subject that Rontgen made the discovery of 
the rays to which he gave the name of a-raya. 
The r-mys are produced when the kathode Koo.* by whicb 
rays strike a solid object, and the surface ^b^m Jsr»"wBifB 
which they strike is their source of origin. ■■oshulted. 
They have the special property of pene- Air is withdrawn Uy 
trating substances opaque to ordinary light, p^^,!""*'" '" '" "'" 
and of doing this proportionately to the 
density of the substances. On this fact depends their interest and 
great utility. The j:-rays, or, as they are now often named, the 
Eiintgen rays, like the actinic rays, produced fluorescence and 
photographic action. 

* From Add)-msri"B ' I'L-actical .Y-Ray \Vnrk,' 
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The next step in the application of this discovery was to find 
iiitable form of vacimm tube for' practical use, and with this 
k object numerouB tubes have heett made in a great I'aiiety of shape. 
1 In the earlier tubes the kathodic bombai'dmont was projected on 
I the surface of the glosa tube opjxisite the kathode, but the form 
r adopted in all liibea is that introduced by Mr, Herbert Jackson, 
I who devised a tube with a metallic target, so placed inside it as to 
lar the foeua or point of convergence of the btjrabartlment from 
k a concave kathode. By this device the definition of jr-ray photo- 
1 graphs is greatly improved, the .r-raya arising from a small area of 
t ^e platinum tai'get, and not, as in the othei' tul)es, from a large 
I area of the glass wall of the tube. The kathodes in al! forms of 
I .vacuum tube mtiat be made of alumiiiiuro, because this metal does 
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not become disintegrated luider the action of the discharges. Most 

metals are thrown oft' in minute particles, and are deposited as a 

film upon the adjoining parts of the wall of the tube. For the 

anti-kathode a dense and infusible metal is required. Platinum is 

generally useil ; osmium and osm-iridium alloys are e^en better, 

but the expense attending their use is an obstacle. The platinum 

I target or anti-kathode is fixed at an angle with the axis of the tube 

[ in order that the main part of the Kcintgen rays may be directed to 

one aide of the tube, and hence may be readily thrown upon the 

I object to be investigated, and on the HuoreBcent screen or the 

L photographic plate. The original form of Jackson's ' focus ' tube is 

J shown in Fig. 14. The cup-shaped kathode is of aluminium, the 

f target or anti-kathode of a sheet of platiimm obliquely inclined, 
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both being in communication with the exterior of the tul)e by 
platinum wires sealed through the glass. The anti-kathode acts 
also as the anode of the system. The wire stems of both 
electrodes are provided with sleeves or sheaths of fine glass tube 
which tends to concentrate the discharges at their terminal 
surfaces. 

Among the modifications of form which the focus tube has 
since undergone, the chief has been the introduction of a third 
electrode. This has come into very general use, and it is 
believed to act as a steadier of the tube. After long use the 
resistance of an ic-ray tube increases, until in time it may become 
too high for the coil for which it was originally fitted, and it is 
then useless unless a more powerful coil can be obtained. Tubes 




Fig. 15.--F00US Tube with Extra Anode.' 

with a third electrode varv less in theii- resistance than do the 
older tubes Anthout a third electrode. The resistance of a tube 
increases with the exhaustion, and the one chosen for use should 
be proportioned to the size of the coil wnth which it is intended 
to be used. When from long use its resistance has become too 
high, it can be reduced for a time by heating the tube with a spirit- 
lamp. It is said that a tube can be brought back permanently to 
its original resistance by prolonged baking in an oven. 

Other methods of reducing the resistance in a tube aie either 
by heating some substance, previously enclosed in an annex, until it 
gives off vapour whereby the vacuum is lowered. Many tubes have 
]>een designed with some contrivance of this kind, one of the latest 
being the tube figured below (Fig. 17): or a method may be used 
which depends on the theory that the outer side of a focus tube in 

• This tube was awarded tlie gold modal in a competition by the Ri>ntgen 
Society. 
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action becomes inductively charged with electricity, which acts 
upon the residual molecules inside the tube, holding them bound to 
the surface of the globe, and, as it were, removing them from cir- 
culation, so that the supply of molecules to keep up the bombard- 
ment from the kathode becomes deficient. To counteract this 
tendency, some observers have placed a sheath of tinfoil or a strip 
of damp cotton-wool round the kathodal end of the bulb, and 
others have replaced this by a ring of wire connected with the 
earth. By any of these devices a tube can be made to act as though 
of lower resistance. The higher the resistance of the tube the 
greater is the penetrating power of the ic-rays given off, and the 
higher, too, must be the power of the coil necessary to set it in 
action. 

The testing of a tube is managed in various ways. The ordinary 




Fig. 16. — Pknetrator Tube. 



rough plan is to examine a hand with a screen or fluoroscope. A 
more accurate test of penetration has been contrived under the 
name of the sciameter, and is based upon the principle of figures of 
metal viewed through graduated thicknesses of metallic foil by 
means of a fluorescent screen. One of the first was that of Messrs. 
Reynolds and Bransom, and among the latter may be mentioned 
those of Max Kohl and Mr. K. Schall. The instrument is of value 
because good penetration is absolutely necessary to obtain photo- 
graphs of deep structures, such as the pelvis or the skull, and by its 
use the quality of a tube can be determined before undertaking a 
long exposure. 

The quality of a tube is subject to changes not only from week 
to week and day to day, but also while being worked even a few 
minutes. Each tube, as a matter of fact, has its own peculiarities. 
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the worker with the Hrintgeti rays a really good tube is a price- 
B possession, to be cherished and protected in evi-ry way, 



VI, THE FLUORESCENT SCREEN 

The screen depends upon the property poeseased by the Rontgen 
kkys of causing fluoreaceuce in certain botUea, such as the platino- 
nidea of potasaium and of harium, calcium tiingstat«, many 
inium salts, and numerous other chemical compoun<U. The com- 
lercial screens are usually made with barium platino-cyanide, and 
' are very linely spread with the powdered crystals by nieans of a 
special machine, and finally varnished. An absolutely smooth and 
even layer is essential for clear definition. 

^^^^^ The light emitted by the fluorescent screen is not of a high order 
of brilliancy, and when using the screen it is necessary to have the 
room perfectly dark, to pUce a cloth over the break of the coil, and to 
■ , enclose the Rontgen tube in a black paper wrapper. After romain- 
l a few minutes in darkness the eye becomes very much more 
intive, and when difficult cases are to be examined a few minutes' 
t in a dark I'oom is a great help. The object to be examined is 
Rced between the tube and the screen, the latter being held with 
I fluorescing surface on the side facing the operator. Various 
lortions are produced of the parts which arc not in the plane of 
e screen, but ii little practice enables them to be understood and 




Fig. 17.— Rbl-obo Tui 
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allowed for. The screen, when not m use, ahoiild be kept away from 
duat and damp, Hnil it ia often advisable tn protect it with a layer of 
celluloid or other tranapareiit material, especially for eampaigniiig 
purposes. 

The value of tho screen lies in its convenience when an immediate 
diagnosis ia reijuired. By means of the screen, too, a part of the 
body can be looked at from all sides, and in many cases the indica- 
tions supplied by a screen examination are sufficient. B3' its means 
a diagnosis that would baffle an hour of careful ordinary examina- 
tion might be laid Imre in an instant by a glance through the fluoro- 
scope. This prompt nesa has commend I'd the acreen to the enthusiastic 
praiao of the ai-my surgeons who have usi^d it in actual warfare. 




In hospital practice, too, ihu screen will suHici.' fur u lar^L- pro- 
portion of cases in which coarse injuries of bones or joints are 
being investigated. The photographic method, however, has certain 
advantages which ai-c of great: value in difficult caseM. For example, 
tho action on the plate is a cumulatii-e one, and thus, during expoaure, 
it will collect and, when developed, will reveal a number of minute 
details which would escape notice in a acreen examination. More- 
over, the plate gives a permanent record, and allows of careful 
subsequent examination and of measurement. 

The cryptoscope, or flnoroscope, is intended to do away with 
the necessity of a darkened room. It consists of a dark chamber, 
almped like the liofly of ;i photographic camera. At one end is 
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fixed the fluorescent screen, and at the other is an aperture through 
which the observer looks (see Fig. 18). The trouble of holding up 
the instrument, though apparently a small matter, is nevertheless 
enough to put this method at a disadvantage when compared with 
the use of a simple screen in a darkened room. 

Vn. PHOTOGRAPHY 

A knowledge of photography is essential to the experimenter 
who wishes to carry out the whole process with his own hands. 
All the usual dry plates of good makers seem equally sensitive to 
the focus-tube rays, but amongst them may be specially mentioned 
the Cadet Lightning, the Paget XX XXX, the Imperial Kapid, and 
the Lumiere plates. With the last beautiful results may be 
obtained, at the cost, however, of a slow development. Many 
observers have found that slow plates are just as good in 
practice as extra rapid ones. For use the plates are taken from 
their boxes and transferred to opaque paper envelopes in a dark- 
room. It is better to enclose them in two layers of coloured 
paper — an inner one of orange and an outer of black. After 
exposure the plate, still in the envelope, is taken back for develop- 
ment to the dark-room. Where light-tight envelopes are used it 
is well to adopt a routine of placing the sensitive surface of the 
plate beneath the plain or * address ' side of the envelope. 

Developing solutions may be prepared of i)yrogallic acid, hydro- 
quinone, metol, and various other materials. If pyrogallic acid be 
selected, the following formula will be found to give good results 
with almost all kinds of dry plates. But in general the plate 
should be developed by the formula prescribed by the makers 
and sent out \vith the packets of plates. 

Stock A. 

Pyrogallic acid ... ... ... 1 oz. 

Potash metabisulphite ... ... 2 drs. 10 gns. 

Ammonium bromide ... ... 2 drs. 10 gi\s. 

Water to 1 (> oz. 

B. 

Ammonia, strong solution ... ... 5 dr.s. 

Water to 10 oz. 
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c. 

Pyrogallic acid solution (Stock A) ... 2 J drs. 

Water to 10 oz. 

To develop a whole plate, take 2 oz. of C and 1 dr. of B, but 
do not mix them until quite ready to proceed with the develop- 
ment. 

The developer may be divided into three solutions, of which 
one gives density (A), while the others act as accelerator (B) and 
restrainer (C). 

A. 

Pyrogallic acid ... ... ... 2i drs. 

Metabisulphite of soda ... ... 2i drs. 

Water ... ... ... . . . 20 oz. 

B. 



Carbonate of soda (crystals) 


3 oz. 


Sulphite of soda . . . 


1 oz. 


V V c*ie& ... ... ... 


... 20 oz. 


c. 




PotAsh bromide ... 


1 oz. 


Water ... 


9 oz. 



Mix equal parts of A and 1^ aild a few drops of C. 

Dishes — the lighter the better — will l>e required to suit the 
various sizes of plates. They may Iks made in the smaller sizes 
of ebonite or of xylonite, and in the larger of papier-mache or of 
earthenware. Having t^iken the exposal plate out of the envelopes, 
phice it in the developing dish, mix the developtT, hold the dish 
slightly inclined fixmi you, anil jxnir the developing solution 
quickly along the upjK^r edge of the ])lato, so as to cause it to flow 
rapidly over the whole surface. Kee]) the liquid moving during 
development. The image, if properly oxjxxsoil, should show 
within a minute from the time of pouring on the developing 
solution. The more gr.ulually it ap^nvu^ the Inciter the i-esult is 
likely to l>e. If, after two or throe minutes, it still lacks detail, 
pour off the develoiH^r and add to it a little moiv of solution B, 
and once more flooii the plate. In fn»m live to ten minutes the 
picture should be fully developed. Pmotioo alone will enable 
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one to decide when this important part of the process has been 
effected, but the film should be darkened through to the glass. 
The plate must now be taken out, rinsed, and placed in the fixing 
solution, which consists of 

Hyposulphite of soda ... ... ... 16 oz. 

Water ... ... ... . . . 80 oz. 

In this it should remain until all traces of unaltered silver salts 
have disappeared. It may then be exposed to ordinary light, and 
should be washed in running water, if possible, for a}>out an hour, 
and afterwards placed edgewise to drain and dry. 

The methods of development are legion, and only one or two 
of those that have yielded the best results in .r-ray work are 
described here. Most of the makers of dry plates and of sensi- 
tized paper print on the cover of the packets a formula which 
they have found to be suitable for developing. One drawback to 
the use of a * pyrogallic ' developer is the way in which it stains 
the hands. To avoid that inconvenience, such substances as rodinal 
and hydroquinone have been substituted by many photographers. 
Metol does not stain the hands, but it is apt to cause a troublesome 
soreness of the skin. 

Good results can be obtained with hydroquinone, which is a slow 
developer. The image begins to appear in about four or five minutes, 
and development must be continued for half an hour or more — 
indeed, until the whole surface has become blackened. To secure 
detail slow development appears to be the rule, and the plate may 
be immersed in a weak solution of developer and placed upon a 
suitable * rocking ' stand for forty minutes or more, when the 
strength of the solution is gradually increased. Metol gives a 
dense black negative, and combined with hydroquinone is a 
favourite combination with many Rontgen photographers, and has 
been well spoken of in the following formula : 

Metol ... ... ... ... i^O grs. 

Hydroquinone ... ... ... 45 grs. 

Sodium sulphite (crystals) ... ... 640 gi*s. 

Sodium carlx>nate (crystals) ... ... 640 grs. 

Water to '20 oz. 

A good formula for metol is : Metol, 5 parts, dissolve in dis- 
tilled water, 50 'parts, and then add sulphite of scxla (crystals), 
i part. 

4—2 
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For many kinds of plate a rodinal solution is efficacious and con- 
venient. The writer has found this developer give excellent results. 
One part of rodinal is used to 16 parts of water. The image 
quickly appears, but development must l>e continued imtil it has 
gained considerable density. In cases of over-exposure the solution 
may be further diluted : for under-exposure a few drops of the 
follo^nng solution should be added : 

Water ... ... ... ... 1 oz. 

Bromide of potassium ... ... ... i oz. 

Good results have been reported by double development, first 
with hydroquinone, until the image shows a fair amount of density ; 
the plate is then immersed in a rodinal solution, in which a 
further slow development bnngs out the more delicate details of 
the picture. 

The operator will do well to ma.^iter the capabilities of one set of 
plates and of one developing solution. To procure go<xl results^ 
every part of the process should l>e performed thoroughly. 

Intensification of negatives i^s sometimes necessary to strengthen 
a faint image, espi^cially in the ease of deep tissues taken with a 
high-resistance or * haixl ' tuln*. It is carried out by first washing 
the developwl and fixed plate, anil then immei^sing it in a solution 
of corrosive sublimate of a strength of -0 grains to the ounce of 
water, renderec^ soluble by tht* addition of an equal quantity of 
ammonium chloriile. The negative is left in this solution until 
its whole surface turns light gray or white ; it is then well 
washeil, and blackene^l in a solution of stixnig ammonia — 10 drops 
to the ounce of water. Negatives intensifieii in this way print 
slowlv. 

Reduction of an ovenlense negali>e may be eflwted by washing, 
and then placing in clean hvjH»sul])hite solution ; to the latter is 
then addeil a few ilnqks of the following st>lutit»n : 

Potassium ferricvanide ... ... ... 1 oz. 

Water to \0 tu. 

Reduction at onee commences, antl when Mitlicieutly advaneeil the 
plate should l>e rapidly ivmoviMl antl waslunl. 
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Printing from Negatives 

As soon as the plate is thoroughly dry, it may he placed in the 
printing-frame, with the film side inwards. On the latter is laid 
the sensitized paper, which is in turn fastened on Mrith the 
wooden back. The frame is then exposed to the light (not direct 
sunlight unless very dense) until the picture appears in deep 
tones, a fact that may be ascertained by raising half of the back 
and looking at the paper. When the negatives are thin some 
workers advise printing through green glass. The print when 
taken out is placed in running water until all cloudiness of the 
water disappears. It is then put in a toning solution consist- 
ing of 

Chloride of gold ... ... ... 20 grs. 

Acetate of soda ... ... . . . 1 oz. 

Water ... ... ... . . . 20 oz. 

One ounce of this stock solution should be added to 10 oz. of 
water for use. Keep the print constantly moving, so that the 
toning may be even ; and when the required tone appears, take 
it out and wash, if possible in running water, for some time. 
Then immerse in the fixing solution, consisting of 

H3rposulphite of soda ... ... ... 2 oz. 

Water ... ... ... . . . 20 oz. 

and let it remain alK)ut ten minutes. Once more wash thoroughly 
and hang up to dry. It is advisable to carry out the washing 
and toning in subdued light. When dry, the print may be 
mounted. The kind of mount is a matter that \\i\\ repay atten- 
tion, as nothing sets off* a photograph more effectively than a 
good mount. 

A combined toning and fixing solution may be used, and, 
although results are hardly so satisfactory as those obtained by 
ordinary methods, yet, on the other hand, time is saved, and if 
the process of washing be carried out thoroughly, good enough 
prints are obtainable. 

With regard to photography in relation to Runtgen work, it 
may l>e observed generally that the roughest negatives and prints 
often affonl all the information needed by the surgeon or the 
physician ; still, it is clearly desirable to have good results in 
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photographs that are to be kept, and now and then detail i» 
absolutely essential, as when small splashes of lead or fragments 
of necrosed bone are buried in deep tissues. 

Time may be saved in various ways. Thus, the drying process 
may be accelerated by soaking the wet negative for a short time 
in one or two changes of methylated spirit or absolute alcohol. 
When dry, the negative may be put in the printing-frame, and a 
print taken on some form of bromide paper by a short exposure 
to artificial light. Such a print is developed in the ordinary way, 
washed, fixed, and dried. By this means the surgeon may be 
presented with a print within an hour. A print on any of the 
gelatine papers (P.O. P., etc.) is much improved by drying in contact 
with glass according to the plan usually prescribed. This process 
of * burnishing * compresses the gelatine and strengthens the weaker 
parts of the print. 

Rontgen photographs may also be taken direct on sensitized 
paper. The Eastman Co., Cadet, and others have produced 
x-ray paper which is used in exactly the same way as the dry 
plate. Although these papers are not so good as glass plates^ 
their advantages are of such a kind that further improvement 
is much to be hoped for. In using paper or films instead of 
glass plates, the operator must take care to lay them flat ; other- 
wise the image may be distorted in a remarkable way, and thus 
give rise to pictures that may entrap the unwary into all kinds 
of fallacious readings. A good plan is to place the sensitized 
paper between two sheets of stout pasteboard or to back it with 
a sheet of glass or metal. 

In the Greek War many Rontgen photographs were taken direct 
as positive images on Eastman's special paper. In this way» 
although there is not the clear definition in the resulting photo- 
graphic record as that obtained by the use of negatives, yet, on 
the other hand, there is a great saving in time and also in risks 
of the carriage of fragile glass plates, and the results are quite 
good enough for many subjects. 

Vin. THE INTENSIFYING SCREEN 

Various attempts were made in the early days to increase the 
photographic effects of the :t-rays and to shoiten the long ex- 
posures which were necessary for the taking of a photograph of 
the thicker parts of the body. With this object the ' intensifying 
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screen' was devised. It consists of a fluorescent screen, the 
surface of which is placed in contact \vith the sensitive plate, 
which thus has the double action of the focus-tube ravs and of 

V 

the light rays emitted by the fluorescent screen. Two such 
screens have been used, one on each side of the plate. The 
material used for these screens is tungstate of calcium ; l)ut it has 
been found impossible altogether to avoid a mottled appearance 
or 'grain' which is produced upon the negative when these 
screens are used. In consequence of the improvement in coils 
and in tubes these screens are rarely used nowadays. At the 
same time, it should be noted that by the use of the intensifying 
screen the exposure may be much shortened, and in particular 
the use of an intensifying screen may enal)le a small coil with a 
longer exposure to penetrate deep structures, and to approach a 
large coil in efficiency. 

Messrs. Watson supply a neat mahogany frame to hold a sensitive 
plate and intensifying screen. 

IX. DEFINITION 

Clearness of definition depends upon a number of conditions. 

First, with regard to the tube : The best definition would 
obviously be given where the rays were emitted from a mathe- 
matical point, or from a minute area of surface, and this in turn 
will depend upon the relative position of the anti-kathode to the 
kathode, and the quality of their surfaces. If the former be 
fixed exactly in the focus of the bombardment coming from the 
kathode, it is sure to become overheated and perforated or 
detached from the support. These drawbacks may be to some 
extent avoided by using either a thick platinum plate or one of 
platinum backed with aluminium for the anti-kathode, but in 
general use the anti-kathode is deliberately placed a short distance 
away from the focus ; this saves the platinum, but impaii*s the 
sharpness of the images a little. Osmium and iridium, especially 
the former, have been found useful for the anti- kathode, and 
Mr. Davidson has recommended the use of a bead of osmium 
centred upon a thick piece of aluminium. The osmium is able 
to withstand the concentrated lx)mbardment without disintegi'a- 
tion, l)ut for A-arious reasons has not come into general use, and 
has been abandoned by Mr. DaWdson himself. 
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In the photography of thick parts of the body great difficulties 
are met with. The chief of these is due to want of definition, 
but distortion of the images must also be reckoned with. Instead 
of sharp images on the plate, one often finds only a vague 
blackening with little or no detail, a result due mainly to the 
phenomenon of diffusion and the action of secondary rays. The 
effect of diffusion is to blur the image, just as happens with 
ordinary light when an object is viewed through a turbid medium. 
Placing the tube at a long distance from the plate does not 
prevent diffusion or the effect of the secondary rays, although 
it lessens the effect of distortion. Professor Rontgen showed 
that bodies in general behave towards the rays as turbid media 
do to light ; he also showed that secondary rays were produced by 
the effect of the rays themselves when they impinged upon solid 
bodies, and that even the air traversed by ic-rays becomes a 
subsidiary source of other irregular .7:-rays which, though feeble, 
are sufficient to blacken a sensitive plate during a long exposure. 
Mr. Wimshurst has also shown that photographic blackening of 
sensitive plates occurs in the whole region of space round a tube 
in action, and that the effects can be noticed even in plates which 
are fully screened by dense masses of metal from any direct 
incidence of rays from the anti-kathode of the tube. A lead 
screen or diaphragm close to the tube has been tried as a means 
of sharpening definition, with an opening to allow a passage to 
the rays from the anti-kathode, while stopping all those emitted 
by the walls of the tube. But this does not, of course, do away 
with the diffusion of the rays in their passage through the 
object to act upon the plate. A dense backing of thick glass or 
of lead applied to the photographic plate, on its reverse side, has 
also been found of use in * sharpening' A-ray pictures of deep- 
seated parts, acting probably by absorbing the radiations before 
they can set up any * secondary' rays to fog the plate from the 
back. It is, perhaps, in radiograms of the pelvis that this defect 
becomes most obvious ; it also shows when examining the thorax 
with the fluorescent screen. A coin, for instance, placed on the 
surface of the body next to the screen gives a clear, definite 
shadow ; but if placed on the other side of the body, away from 
the screen, the shadow becomes lighter, and much less distinct 
than would be the case when compared with the shadow cast by 
an ordinary lamp. It has been stated that these diffusion effects 
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are not so strong Mrith a new tube as with one that has been worked 
for some time. 

To test the definition of tubes, Mackenzie Davidson employs 
a small hand-frame with a network of fine wires crossing each 
other at right angles, and fixed about 1 centimetre apart. With 
a screen he views this frame, holding the frame and screen so 
that they receive the rays which are given off obliquely by the 
anti-kathode, i.e., the rays near the edge of the hemisphere of 
fluorescence of the walls of the tube. If the .c-rays come from 
a small point or focus on the anti-kathode, the shadows of the 
mres as seen on a fluorescent screen will all be shai'p, but if the 
radiant source is larger than a small point they vdW show astig- 
matism by their shadows ; in other words, the wires parallel \vith 
the nearest edge of the anode will cast dark shadows, while the 
cross-wires will cast blurred and ribbon-like shadows, or even be 
invisible altogether.* The test is severe, for in any tube the rays 
which will probably give the best definition will be those coming off 
perpendicularly to the anti-kathode, while the oblique rays used for 
testing are the worst. 

Mr. Lymi Thomas has insisted upon the desirability of bringing 
the vertical rays from the tube exactly over a Colles or other 
fracture. This relative position he secures by means of a plumb- 
line. The tube is placed as usual, with its long axis parallel to 
the sensitive plate. An imaginary line is drawn from the anti- 
kathode at right angles to the long axis to a point on the wall of 
the tube. A silk thread attached to the end of a slender rod is 
brought close to that point, and its free end weighted with a split 
shot indicates the path of the vertical ray beneath which the 
fracture should be placed. This plumb-line is more accurate than 
the ordinary method of measuring by the eye (Fig. 19). 

The distance of the tube from the plate and from the parts to be 
radiographed is an important question on account of 'distortion.' 
If possible, it is no doubt best to have the tube at a comparatively 
great distance, and give a longer exposure where distortion is to be 
reduced to a minimum. 

^Vllere there are bones in two different planes, the image of 
those nearest the lamp may tend to obscure those near the plate. 
If a picture of the latter is wanted without the former, it is a 
good plan to have the tube very close. For example, if a picture 

• Archives of the RoeiUyen R<nj, vol. iii., No. 4, p. 68. 
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of llie upper part of iho spine be desired, the taht^ may be placed 
I'er the sternum than if a general view of the huart and hiDgs 
e ivanted ; the bones of the sternum nearest the tube will then 
■ bo given indimiiictly. 

it hiis )ieen stated that smiie makes of phntDgraphic plate do 




Fio. IB. — Lrss Thomas's Pi-rnu- 



l not give so good a definition as othei'B. If so, this may he due 

some fluorescent effect excited in the glass plate or in the 

f sensitive film, or it may be that these plates are more sensitive 

to the secondary rays than others. Some developers — or, 

perhaps, methods of. development — are better than others. Long 

L development in a weak solution is likely to biing out detiiils 

re completely that a quick development with strong soluliuns. 
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Some workers recommend a weak solution of rodinal (1 : 64) and 
water, and leave the plate in the developing l)ath for two or three 
hours. 

Intensifying screens seem to improve the picture in some cases 
and to spoil the effect in others. The general impression is that 
they are of little value. They no doubt shorten the exposure, and 
bad definition may be due to over-exposure. Care should always 
be taken that the screen is kept close up to the sensitized film ; if 
not, misty patches will often appear here and there on dift'erent 
parts of the negative. 

Movements on the part of the apparatus should be guarded 
against. If the tube is standing on the same table as the coil, 
and if the former be not very steady, the vibration of the contact- 
breaker may be quite sufficient to shake the tube, and perhaps 
cause the tube-holder to shift its position slightly. A similar 
distm-bing effect may be produced on the plate and on the hand 
or arm of the patient if they are resting on the same table on 
which the coil is standing. 

Movements on the part of the patient often produce hazy 
pictures, even where there are no defects in the apimratus. 
These movements may be voluntary or involuntary. The operator 
should always insist on the patient being in a suitable and com- 
fortable position. When taking the hand, wrist, or elbow, the 
whole arm should rest on the table, and the patient sit ])ack in 
the chair, especially when the elbow is concerned. Tlie move- 
ment of the shoulder with respiration will cause a slight amount 
of indistinctness, and the clearest pictures of that part will be 
obtained when the patient is lying on a suitable couch. Pillows, 
cushions, and nigs may be placed under the parts not to ])e radio- 
graphed, but the board on which the plate rests should be as rigid 
as possible. 

Involuntary nervous tremors will sometimes cause ])ad defini- 
tion, especially in the case of children. If the patient feel cold, 
a couple of large silk squares may ])e thrown over the body without 
diminishing the radiographic effect. 

With regard to the movements of the heart and lungs, radio- 
grams of the thorax must always ])e more or less indistinct on 
this account. Clearer pictures of the thorax might jKDssibly be 
obtained in some special cases if the patient could hold his 
breath for short intervals, during which the tube would ])e 
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running, the current switched off for a few seconds duiing each 
fresh inspiration. To carry out this method in the case of the 
heart would be still more difficult. 



X. STEREOSCOPIC RADIOGRAPHY 

The important advantages to be obtained from taking two photo- 
gi-aphs and viewing them stereoscopically has been insisted on by 
Mr. Mackenzie Da\ndson.* His paper is so important that it is 
reproduced here with certain modifications. 

* It is only necessary to look at two good stereoscopic radio- 
graphs in a Wheatstone's stereoscope to realize at once how 
thoroughly practical and important this method is in surgical 
work. A single skiagi^ani is often confusing, if not misleading, 
but with two properly taken and viewed in a stereoscope the 
picture stands out in true relief, and shows clearly the relation 
of the parts. 

* I will now describe the method and apparatus! I employ. It 
is that which up to the present time I have found to be the 
best. 

1. The Crookes' Tube 

* A tube giving the best possible definition, and at the same 
time allowing the shortest exposures is essential. The tube with 
an osmium anode (introduced by the >vTiter) answers these require- 
ments well. 

* Two radiograms must be taken from two different points of 
view. After one has been taken, the Crookes' tube must he dis- 
placed and then another taken. I use the horizontal bar of my 
localizing apparatus as a support for the tube. Any desired dis- 
placement may be given to the tube ; but it seems best to displace 
it about 6 centimetres, which may roughly be taken as the dis- 
tance between our eyes. The two skiagrams thus taken from two 
different points of view, and the necessary marks made on the 
patient's skin to guide the surgeon, give data sufficient to localize 
the position of any foreign body, or other part, accurately by 
means of a localizer, while the same skiagrams when \dewed in 

the stereoscope give a picture enabling the surgeon to have a 

»% 
* British Medical Journal ^ December 3, 1898. 
t The apparatus is made by Messrs. Muirhead and Co., Elmer's End. 
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correct \-iew of the parts in relief. This method, if cori'ectly 
carrie<l out, is so accurate and complete that the surgeun ciiii have 
little cause for complaint. 

' In order to insure that the two plates shall be in correct 

register, a. changiug-lmv is i\^fi\. Thifi consists of ;i frame over 
«-hich is tightly 3trft.ijc.] .v>nu> .■.ilf-kiii. Tlu^ i-^ ^iml oiiougli 




to support a cousiderahle weight, and at the samt; time is thin 
»nd transparent Ui j;-ray8. The photographic plate, wrapped in 
black pa|>er in the usual way, in place<l beneath thi^ skin, and 
suppftrted against it by some suitable arrangement. Fig. 1*0 
gives a view of the apparatus. The horizontal liar shows the 
tul>e- holder displaced to one side, and the clip on the right 
side is the limit to which it must be ilisplaeed for the second 
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photograph. A wire is seen stretched on the nearer end of 
the box, and the bar is arranged parallel to this wire. This 
leaves a white line at the edge of each negative, and thus enables 
the photogi'aphs to be mounted correctly in register. A board is 
seen below, and upon it will be noted the photographic plate 
wrapped in the black paper. By means of a lever worked by a 
screw at the far end of the 1k)x, not visible in the illustration, 
this board is raised so that the plate is brought firmly up against 
the calfskin. The part of the patient to be skiagraphed is placed 
upon the top of the box. It will be easily seen how two photo- 
graphs can be taken on different plates without disturbing the 
position of the patient ; we are thus sure of obtaining correct 
stereoscopic pictures. This method can, of course, be carried out 
by having a table made with calfskin covering a space cut out of 
the top ; or, again, an operating-table can have a window, so to 
speak, covered by the calfskin, upon which the patient can lie. 
This has the further advantage that it will allow a Crookes* tube 
to be placed below this part of the table, so that the patient 
could be examined by a fluorescent screen while lying on the 
couch. 

2, Wheatstone's Stereoscope 

*Two plane mirrors, about 6 inches square, are so fixed on a 
vertical support that their backs foi-m an angle of 90° with each 
other. When the observer puts his face close to the edge where 
the mirrors meet, so that this edge lies vertically between his 
eyes, it follows that his right eye can see only what is reflected 
in the right mirror, while his left eye can only see what is reflected 
in the left mirror. Now, if the two skiagrams, taken as already 
described, are placed so that the right eye image is opposite the 
right mirror, and the left image opposite the left mirror, each eye 
will recognise its own picture, and they will combine, as usual, and 
give rise to a single image in perfect relief. 

* There are several devices for supporting the skiagrams, and 
also for simultaneously making them approach or recede from 
the mirrors. The simplest of all arrangements is to have two 
mirrors mounted on an upright block of wood, which can be 
placed upon a table, while the skiagrams can he supported by any 
simple means in the proper position. The writer has devised a 
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form of revolving Wheatstone stereoscope shown in Fig. 22.* A 
four-sided box, which can be revolved on a vertical rod, is placed 
opposite each mirror. Upon each of its four sides one of a pair 
of stereoscopic skiagrams is placed. The corresponding pictures 
are similarly placed on the other box. In this way the boxes 
can be rotated, and two corresponding skiagrams brought simul- 
taneously in correct position opposite the mirrors. This prevents 
the necessity of adjusting each pair separately, and saves time 
in demonstrations. The block supporting the mirrors is attached 
to a small base with bevelled edges, which slides in a broad groove, 
and enables the observer to slide the mirrors towards or away 
from his eyes. In this way he can adjust the mirrors to the 
position which enables him to combine the pictures most com- 
fortably. Each revohing box is fixed by its vertical support to its 




Fig. 21.— Diagram of Wheatstone's Stereoscjope. 

•Pi-actical A'- Ray Work.') 



(From Addyman's 



sliding board. This allows the distance of the skiagram from the 
mirrors to be altered at will. 

*The Wheatstone stereoscope is peculiarly adapted for ;»ray 
photographs — first, because, as everyone knows, a print from an 
a>-ray negative is reversed ; for example, if a skiagram of a right 
hand be taken, when printed it appears to be a left hand. Now, 
if such a print be viewed in a Wheatstone stereoscope, it is 
reflected in one of the mirrors, and is thus reversed to its original 
position by the reflection. Therefore, if opposite the right mirror 
is placed the print from the negative produced when the Crookes' 
tube was displaced to the right side, and opposite the left mirror 
the print from the negative taken when the tube was displaced 
to the left, the observer will then see the parts in correct stereo- 
scopic relief, as if he had been looking at them with his eyes 
placed BO that the right eye was at the point occupied by the 

• The Wheatstone stereoscope is made by Messrs. Curry and Paxton, Great 
Portland Street, W. 
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I wiode when displaced to the right, and the left eye at ihi^ jioint 
occupied hy tlie anode when the tube was displacwl to the left. 
If the Bkiagrama be viewed luider the same angle as they were 
taken, the stereoscopic pieliire would show thi' parts of the true 
or actual size, and the exaggerated distortion of the single j'-ray 
photograph is overcome. The importance of such a result to & 
Hurseon is great. 

(is no limit to the size of the pictures which can 1ie seen 
atsione stereoscope. The largest size the writer has as 
- „ 
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'If the right picture he placLxl uppoaite to 



for, and 
stereoscopic picture 



the left picture opposite the right miri-or, 
, will be seen as Iwfore, only reversed. For example, m one case 

I a hand will appear us seen from the dorsal aspect : if the prints 
are transposed, it will appear as a hand seen from the pahnar 
aspect. The same transposition can he effectcil by tiiniing each 
print upside down. 
■The negatives, when wet, can be seen in a stcreost-ope if they 
are hold in proper positioti by upright frames, and each illumin- 
ated by a strong light diffiised through ground glass oi- white paper, 
but the effect ia not so gooii as viewing prints. 
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* If it be desired to reproduce the radiograms as illustrations in a 
book or periodical, they can be reduced and mounted alongside of 
each other. 

* By practice it is not difficult to acquire the power of combining 
stereoscopic pictures without an instrument of any kind. There 
are two ways of doing this : 

1. *By looking beyond the photograph, so that each eye sees the 
picture opposite it. 

2. *The most easily acquired and most important for aj-ray 
work, as it enables skiagrams of any size to be seen at once, 
consists in crossing the visual axes. This may be accomplished 




Fig. 23. — Diaouam of Marie's Stereoscope. 



as follows : The photogi'aphs or radiograms are placed correctly 
in front of the observer ; he then holds up his finger in the 
middle line ])etween his eyes and the radiograms, and while 
looking at the top of his finger he will observe double images of 
each radiogram ; by a little perseverance he will learn to make 
two of the images combine in the centre, and he will then have a 
beautifully clear stereoscopic image apparently in the air. Behind 
to the right and left will be two images, but these he soon learns 
to ignore, or he can cut them off by bringing his hands cautiously 
from the outer side of each eye towards the middle line, stopping 
the moment the two side-images are cut off. It is, of course, 

6 
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con I- L- 111 But in this way to see negatives in fltereoeoopic relief ini- 
mediatcly after development.'* 

Other forms of reflecting stei'eoscope may be used. A very oon- 
veiiient kind is one known ia France as the stereoscope of Marie. 
In this the pictures to be Wewed lie Hat on the table below the 
mirrors, which are aiipportod on a brass pillar. This disposition c)f 
the apparatus has certain advantages (Fig. 23). 

Fig. 251 shows the method of obtaining Davidson's measare- 
ment« for localization. It represents dlagrammatically a pfaoto- 
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Pattbhn). 



graphic plate with an orientating mark (b) and the point of the 
localizing cross-wirea x, 3^ which are registered in the patient's 
ekin with aniline ink. The point h is the crux of the matter. It 
is secui-eil by dropping localizing threads from the displacement 
points of the tuljc on the horizontal bar above to the shadows of 
■ the foreign body— let us say in this itiatanca a small shot — on the 
plate below. The point where the threads cross represents the 
position of the shot, and a line drawn from the cross-threads per- 

■ See WhMtatone'g i«[>ere ilrwi'ly refoiTtd lo aud Leconte's 'Siglif (the , 
IntemMioual Scieutific Series, KasBti Paul and Co.). 
f For fall eiplanation of Dsvidwm's pnxieaa, see p. M. 
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pcndicularly to the plate gives the point h. Two other measure- 
ments are necessary. In thia case ibey are 2) cm. and 1 cin. 
The shot will be found at a depth of 3 cm. from the surface Ht. a 
spot which forma the point of an oblong figure, of which the aides 
measure 1 cm. and 2^ cm. reapectively. Two sides of the oblong 
figure are already marked on the patient's skin, and the remaining 
two are added to the skin from the measurements obtained on the 
plate. The exact quadrant in which the foreign body lies is 
determined by the orientating mark «, which can also be registered 
on the patient's skin. 
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XI. STANDS AND OTHER ACCESSORIES 

• Many good form 



r 

^^^V Many good forms of tiilje- holder ave. in the market, und one 
^^^^w figured here. A wooden retort-atand serves for many kitids 
of exposures, but a heavy stand tall enough to reat on the floor 
ia better than a little one on a table. The chief re<)uisites are a 
firm base, easy joints, capable of tight fixing and of ready ex- 
tension in every direction, and a long arm of non-conduct tug 
material, -■.?., hard wood. The stand is one o( those dctiiils 
to which careful attention will be found essential to the pro- 
duction of good work. As the tube is hung from an arm supported 
only at one end, it is readily made tremulous hy the am pi ili cat ion 
r of any motion communicated to its support, and a ebuky tube means 
k blurred photograph. 

A simpte operating-table can be made of a piece of board 6 feet 

, 2 feet broad, and I inch thick, mounted on firm supports 

mt 18 inches high. The coil and tube-stand can be placed 

■ the floor, or on a second table close to the patient. By using 

t small mounted screen occasionally, it will be seen if the tube 

I emitting rays of good penetrating power — a simple precaution 

rehy much subsequent disappointment may at times be pre- 

5—2 
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vent«d. If the proceas can lie conducted in a dark room, the 
ordinary screen will be availiil)le ; but if it be in a lighted room, 
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it iB difficult for the inexperienced eye to detennine whether the 
tube is at its best oi' not. In tlie latter case the fiiiui'oscope, which, 




Fig. 27,— X-Rav Tai 



aa already explained, is aimply & Bcrcen mounted in a etereoscopio 
camera, will be found of service. 
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An operating -table may be extemporized froin an ordinary 
I deal table without drawers, and in the latter case the screen 
I can be used beneath the table-top. Numerous special couches 
lltave been constructed, many of them with canvas topa. The 
I Mcompan^nng illustration (Fig. 27) shows a simple one of 
I vuxlern type, raaiJe by Watson and Sons. 

Davidson has a useful combined i-ray couch and tube holder 
which allows the tube to be shifted into any position along the 
length and breadth of the table. There is also a window (see 
above, in his account nf stereoscopic radiography) fitted with a 
convenient sheepskin tympanum for screen observations and for 
stereoscopic or ordinary photography (Fig. 29). 

The ends of the table should have hinged flaps, so that the 
patient may lie in a reclining position when required. 

Fig. 28 gives an idea of the essentials of a compact outfit for 
field work. The apparatus is arranged so as to take to pieces 
and to pack in small c 
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Xn. PRAOTIOAL APPLICATION OF THE RATS 

The proper management of Rontgen ray work involves attention 
to a number of details. It can be acquired only by a careful 
study of the various parts of the apparatus, and also by long 
practice ; unless these be mastered, the operator may produce 
nothing but poor results, and may speedily ruin the best and 
most costly coil. In the following description an attempt has 
been made to describe the process in a systematic manner, much as 
it would be carried out in actual practice. 

First examine the platinum points of the contact-breaker ; see 
they are perfectly smooth and even, also notice that the arm of 
the switch which passes the current into the * primary ' of the 
coil is in the *off' position. If the condenser be connected to 
the coil by means of wires fastened to binding screws on the 
base of the coil, see that the wires are firmly screwed down. 
Place the discharging-points of the coil opposite each other, about 
^ inch apart. 

The battery having been tested, one end of a piece of thick 
well -insulated copper wire should be fimily fixed in the positive 
terminal of the battery, and the other end securely fastened to 
the binding screw on the coil ; a second piece of wire should be 
similarly fixed on the negative terminal of the battery, and led 
to the other binding screw on the coil. Examine all the connections 
of your battery, and see that the ends of the wires are clean and 
firmly screwed down. 

Now turn the handle of your switch to the horizontal or *on* 
position, and bring the platinum points generally together by means 
of the regulating screw attached to the contact break. The 
hammer will begin to vibrate, and sparks will at once commence 
to pass between the discharging-points; withdraw these to see 
whether sparks still pass when the distance between them is 
sufficient for the excitation of the tube to be used. If necessary, 
increase the pressure at the platinum points by means of the 
tension screw until the spark passing between the discharging- 
points is of the proper length. The battery and coil arc now in 
working order and ready for use. Turn off" the current by means 
of the switch. The latter should move stiflBy, otherwise it is 
liable to fall and set the coil in operation at a moment when 
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I' nnpleaaant, if not Berioua, reeullB might follow — that is to aay, bj- 
I eominuni rating a shock to the operator or to any other person 
I who might be in contact with eome pait of the circuit. Two 
I loecea of fine gtitta-perchu-covered copper wire should now be 
liastened to the suppoitn of the dJacharging-rodg, one end to each, 
I and the two ends to the tenninals on the focus tube. It is 
[.important that the direction of the cnnent between the dis- 
diarging-points should be recognised. If when the switch is 
f turned on the tube shows an even hemisphere of green fluorescence 
Ljon the side facing the front of the anti-kathode, then the current 



I is in the right direction ; but if the green light is patchy and 

J'lrregular the direction is wrong. In the latter case reverse the 

iritch, and at once the space between the anode and kathode 

diODld glow with the characteristic applo-grcen colour. By the 

e of the screen all doubt may be set at rest ; with right direction 

I will fluoresce brightly, and the flesh of the hand placed behind 

the screen will be easily penetrated, and show the shadow of the 

Kies diatinctly ; with wrong direction scarcely any Rontgen rays 

) produced, so that only a feeble fluorescence of the screen can 

I pereeived. Having once found the right direction, make u 
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note of the binding screw of the cqil to which the + of the 
battery is fastened, and also the direction of the handle of the 
switch. Change the wires of your battery to the opposite bind- 
ing screws, and you alter the direction of the current ; change 
the direction of the switch-handle to the opposite side, and you 
alter the direction of the current ; change both the direction of 
the wires and the switch-handle, and the current flows in the same 
direction. Many coils work best with one position of the primary 
connections. 

Take care that the wires leading from the coil to the focus tube 
are not so near each other at any part of their course that the 
spark will jmiss between them, instead of through the tube. 
Caution is also required to avoid shocks, both from the coil and 
from the wires loading to the tube. The golden rule for the 
operator is, never to touch any part of the apparatus while the 
current is * on.' If any readjustment be required, switch of!' 
the current first, and then make the required alteration. The 
current from a single wire may give a smart shock without 
causing any serious results, but if the body form a part of the 
secondary circuit, by contact with both wires at the same time, 
the conso(|uences might be of an alarming nature. Too great 
care, therofori\ caimot bo taken to i)rovont the current entering 
the body oithor of the oj)orator or of his piitient; the longer the 
spark usoil, tho groat or aro the precautions necessary. The 
fiKHis tube should bo fastonod firmly in tho insulated holder so 
that the i\\m\ faoo oi tho platinum anode lies parallel to the 
photognipliio plato or soivon. If tho platinum get red-hot, the 
ourivnt used is too piiworful, and should bo lessened by reducing 
the ptVv^utv botwoon tho platinum points l>y means of the regu- 
lating soivw, Tho tube is in tho host wi»rking condition when the 
upiHT surface of tho platintun is oovonnl with a groen velvety *glow, 
and tho under surface sl\o\vs just a faint tvdnoss, 

Tho distance t>f tho tube fn»n\ tho object to W photographed is 
imiH>rtanl. For objects not n\o\v than an inch thick, a foot is 
A gixni divSiat\oo, but for tho thiokor ivuts of the human bodv 
fnmi -0 to :U> it\ohos is desirable. Tho length i>f the exposure 
will vary aivonlit\g to tho distat\oo, tho iH>!\ot\ating jHnver of the 
tulH\ and the thioknoss and ojvioity of tho objtvt. With a tube 
exhausted to work with a 4 inch sjvirk and phunni I fixn from 
the plal<\ a ginni photograph of tho hand of an adult should be 
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ibtained with an exposure of less than half a minute. It neud 

sarcely be urged upon the beginner that he should becnmu 

^oroiighly acquainted with the apparatus and the methuds by 

K'tthich the best results are to be obtained before taking photo- 

■'graphs of patients. Ho will find in bis own person a convenient 

Imbject for experiment. ^Vlien he has eucceeded in taking every 

Kpftrt of bis own body, he will be prepared for the ordinary difli- 

uities of Kontgen ray photography. 

If the plate be not already placed in the protecting envelopes, 

Bt will be necessary to go to the dark-room to do so. The film 

Kidiould be placed towartla the address side of the envelope. It 

I n&y be recognised in the dark-room by its dull, non- reflecting 

tmrface, whereas tbo plain-glass side shines, and reflects light 

Lriiarply. Do not bring more plates than the one to be used into 

I the operating-room, ae they would in all probability be afTocted 

I by the Rontgen rays, even if standing a long way from the tube. 

LTbey may, however, be kept in the same room if shielded in a box 

^ef thick metal. 

In the application of tlie rays to the teeth, special means must 
Kbc taken to meet the reipiirements of the case. As the sensitized 
I'Burface must he placed in the month, glass is almost out of the 
L'^veBtion. A good celluloid film should bo chosen, and cut in 
I {neces about 1 inch by \ inch. The latter may then be wrapped 
black paper, and the whole fastened up securely in thin 
^ rubber,^ so as to keep out all moisture while in the mouth. The 
E-tongue should be pressed firmly against the rubber in order to 
fkeep the plate close to the teeth. The patient should, of course, 
T'be placed in a comfortable position, yet so that it is impossible 
Mot the head to move during the operation. An exposure of five 
Csiinutes or more will be required to get good detail. The lube 
Kidiould be placed not loss than 12 inches from the face. For tbo 
■ ttke of precaution, the hair can be shieldeil by means of a thui 
I lAeet of lead held in a clamp and placed a few inches from the 
Irbead. After exposure, the plates are developed in the usual 
Lway. 

It ia obvious that the value of the Rontgen results can bo best 

BippreciBted by the skilled anatomist. Yet even to him this new 

fiBetbod of investigation presents many difficulties. As a rule, he 

I not an expert in practical photography. Every stage of that 

• The niblier may bp fixed on by & few turns of ordinity uwing cotton. 
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process is liable to produce spots and blurs which may mislead, 
but which are reduced to a minimum in the hands of a good 
photographer. Hence it is a distinct advantage, where possible, 
to leave the development of the exposed plates to such skilled 
hands. The professional photographer, however, will also require 
some special experience in order to obtain the best residts, for 
the development of a portrait or of a landscape differs widely 
from that of a Rontgen ray negative. Much depends upon know- 
ing what ought to appear upon a plate ; that which at first seemed 
a failure may, if properly handled, prove a great success. Then, 
of course, it must be borne in mind that the surface of the object 
or subject close to the plate receives the sharpest definition, and 
is nearest its natural size, while the farther the parts are from the 
plate, the more exaggerated and the more indefinite the record that 
is obtained. 

Whatever kind of contact break is used with the coil for the 
purpose of taking a photograph, a rapid one is needful for screen 
work ; otherwise the flickering light produced renders it impossible 
to obtain any useful or trustworthy information. A highly- 
exhausted tube should be selected and fastened in the stand, 
with the platinum unode fiicing the observer. All light should 
be excluded from the ix)oni, the tube itself covered with black 
|)a|)er, and a dark cloth plucod over the contact break. The 
subjoct or object ti) be examined should l>e placed as near the 
tul)e as possible — not more than nn inch away from it. As on 
the soiiHitive film the jmrtu nearest the plate are most sharply 
dcfiiuHl, so with tht< scrt^cn. If it bo necessary to examine the 
sternum, the U\\k\ should be placwl ut the l>ack, and the screen 
on the front t)f tht^ 1um1\\ with the tluoix^scing material towards 
the eye. At first nothing nppwirs distinctly on the screen, but 
after a time, as tlu^ t\vo grt>ws aeeustonied to the feeble vibrations 
caus*Hl by the lluort^seing siufiu'ts it also Wgins to distinguish 
the strong and sluup shadows of oimtjuo objects nearest the 
scriHMi. It is practically uhcIomh to gtwliivct ftxnu str^^ng sunlight 
to the oxan\ination of any fairly thick object like the human 
VkxIv. Tbe eye of the obm^r\er, aUiut a fina awav from the 
8Ci\)en, should take lirst a giMunal and afterwanla a more specific 
view. Every bone and t^xerv articulation should W systematically 
examineil, iH)mmoni»ing with the thinner memWr^ such as the 



ELECTRICAL APPARATUS AND METHODS 78 

hand and arm, the foot and leg. Needles may be fixed in the 
arm in various directions, both on the side near the screen and on 
the opposite side, so that an idea may be formed of their relative 
appearance. 

The thorax should next be explored. With the screen on the 
front of the body, the shadow of the heart is distinctly seen, its 
pulsations may be counted, and anything abnormal in its position 
noted. The cavities of the lungs appear bright, and the respiratory 
rise and fall of the diaphragm are conspicuous. The dark shadows 
east by the liver and spleen are plainly outlined in the abdomen, 
but, curiously, the convolutions of the adult intestines furnish no 
readable record by the Rontgen rays. The pelvic cavity, although 
more easily examined than the abdominal, still presents a limited 
field. To examine it, the tube should be placed either between 
the ilium and the dorsal vertebrae or below the sacrum. As in 
astronomical photography the sensitized plate reveals thousands 
of stars invisible through the telescope to the eye, so, too, the 
eye fails to perceive on the screen many interesting and important 
points that are distinctly photographed on the plate. With our 
present knowledge and apparatus, the screen is useful in the 
examination of most fractures, both before and after * setting/ 
also for detecting and localizing any foreign opaque substance in 
those parts of the body which the Rontgen rays can readily 
penetrate. The screen also aids our investigation of the organs 
contained in the thoracic cavity. 

To deal successfully with a large number of photographic plates 
and photographs it is clear that order and method are desirable. 
Plates may be packed in boxes sold for the purpose, with an 
index of contents. Photographs should ])e carefully preserved in 
portfolios and dust proof drawers. A systematic record of all the 
essential facts of each Rontgen ray exposure may be kept by 
means of Dr. Walsh's charts.* These are bound in books, and 
will be found to afford a most convenient plan of taking rapid and 
accurate notes where much work is done. In some hospitals 
these charts have been used exclusively and bound into volumes ; 
they form a valuable uniform means of reference. They have 
been found in some instances of service in the South African 
War. 

• Published by Bailliire, Tindall and Cox, Henrietta Street, London, W.a 
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PART II 
MEDICAL AND SURGICAL APPLICATIONS 

The advantages of Rontgen ray work to the medical man are 
not confined to purely clinical purposes, but are here and there ex- 
tended to other branches of professional study, such as forensic 
medicine, anatomy, and physiology. 

In order to deal with the subject systematically, it may be split 
up into various sections. The following rough classification ^vill be 
found to cover most of the ground broken by this modem means of 
accurate investigation : 

A. Surgery. 

I. Foreign Bodies. 
II. Bones : 

(a) General Remarks. 
(//) Fractures and Dislocations. 
{c) Separation of Epiphyses. 
((/) Congenital and other Bony Deformities. 
{e) Diseases of Bone. 
(/) Other Surgical Points. 
(g) Action of Rays upon Micro-organisms. 

III. Mapping of Skin Surfaces. 

B. Dental Surgery. 

C. Nasal and Throat Surgery. 

D. Medicine. 

IV. Regional. 

(a) Thorax and Abdomen. 

{b) Heart and Great Vessels : Aneurism, Cardiac 
Enlargement, etc. 

6—2 
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(c) Lungs and Lung Diseases : Pleurisy, Phthisis, 

etc. 

(d) Abdomen. 

V. Other Medical Points. 
VL Action on Skin and Deeper Structures. 
VIL Therapeutics. 
K Obstetrics and Gynaecology. 

F. Legal Medicine. 

G. Anatomy. 
H. Physiology. 

1. Veterinary Uses. 



A. SURGERY 

When the first Rontgen photographs were published, scientific 
surgeons all over the world became keenly alive to the possi- 
bilities of the situation. So far, they have gained the lion's 
share of practical help from the new science, but the process has 
also proved of great and increasing value to the physician. As 
methods improve, they will both assuredly derive a still greater 
amount of precise and valuable information from the same 
source. Their future success, however, will most likely depend 
upon the definition not so much of substances that are relatively 
opaque to the rays, but rather of the more translucent struc- 
tures, such as soft tumours, gall-stones, abscess cavities, internal 
organs, and so on. So long ago as February, 1896, Adolph and 
Leng recorded the fact that they had obtained a Rontgen ray 
picture of ordinary connective tissue. 

I. FOREION BODIES 

In nothing have the Rontgen methods proved of more imme- 
diate practical use to the surgeon than in the finding of foreign 
bodies. The nature of the embedded substance is of importance, 
for, in order to yield a readable record, it should offer a resist- 
ance to the rays considerably greater than that of the tissues in 
which it lies. Thus, a bullet buried in translucent muscle would 
cast a deep and clear-cut shadow on the sensitive plate or screen, 
whereas it would be obscure if lodged in more opaque struc- 
tures. Fragments of glass can be readily photographed, because 
they resist the rays, but such penetrable materials as leather, 
clothing, paper wads, and wood cannot, as a rule, be demonstrated 
by radiography. 
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All surgeons know that at times it is impossible by any 
ordinary method to detect the presence of a foreign body in the 
deeper tissues. A familiar instance of this uncertainty is met 
with in the palm, where a fragment of needle may elude not only 
careful and skilful manipulation, but an extensive cutting opera- 
tion as well. The help that can be given by the Rontgen rays 
under kindred circumstances may be judged from the following 
cases that have been brought under the writer's notice : 

A lady, who some time previously ran a needle into her hand, 
had her palm explored by a surgeon, with negative results. A 
little later a radiogram, taken through splint and dressings, 
revealed a piece of broken needle lying in the first interosseous 
space, close to the distal end of the thumb metacarpal. From 
the information thus obtained the foreign ])ody was readily 
removed by a second operation. In other words, the process 
furnished the surgeon >nth a method of diagnosis which denoted 
not only the presence, but also the shape, nature, and position of 
the body to be removed. 

In another case a child suffered for several weeks from a 
swollen foot, for which no cause could be ascertained. A radio 
gram, however, showed fixed in the astragalus a broken needle, 
the removal of which was followed by speedy recovery. 

These facts suggest a useful application of the Kontgen rays — 
namely, to locate a hypodennic needle broken off beneath the 
skin. As everyone knows, such an accident may be caused by 
an abrupt movement on the part of the patient. Further, the 
fragment is apt to wander about freely, so that few surgeons 
would feel justified in undertaking a cutting operation unless 
the foreign body could l>e fairly well localized. The danger to 
the host of a wandering object of the kind in the tissues is 
obvious. Suppose it to be small and buried, say, lx?neath perios- 
teum or in the sheath of a tendon, it would almost certainly elude 
the exploring finger of the surgeon, unless he be guided by the 
exact information now available in all cases by means of a localizing 
Rontgen photograph. 

The opacity of glass* to the rays, probably due to the contained 

lead and other metals, makes it easy to detect fragments buried 

in the soft tissues. It is, of course, well known that such objects 

may remain embedded for many years, and often give no sign 

• Potash glass is more translucent to the Rontgen rays than lead glass. 
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F vi their presence beyond some slight enlargement and pain or 

discomfort on deep presBure. By the Riintgen method, however, 

a foreign body of that sort may be so exactly defined that the 

Borgeon can cut down upon and remove it without a moment's 

hesitation. After any injury of the kind, indeed, it would be 
1 well as a routine practice to examine by the rays, in order to 

SBcertoin whether any glass has been left in the wound. In the 
, next case negative evidence was obtained as to the presence of 
I glass, but positive testimony as to joint miscbief. 

. B , a milliner, a<lniitted to the Metroixilitan Hospital 

with the following history. Two momhn previini^ly her little 1>oy, 

whom she was nursing, by a Buddcn 

kick broke a wineglass in her huri'l. 

The left forefinger was cut, and suvlic 

pain followed, reaching up the arm to 

the shoulder. A piece of glass was 

supposed to be in the wound, which had 

been explored before the patient came 

to the hospital. On admission the 

wound was foimd to be cicatrized, and 
■ tike end-joint of the finger stiff. The ac- 
I companying radiogram (Fig. 31) proved 
absence of glass, but disclosed 
[ varioua changes in the joint. Absorf)- 
I tjon of the distal end of the second 

phalanx had taken place, and fibrtjus 

anchylosis was diagnosed from {n) the 
I appearance on the photograph of a faint 
, line between the phalanges, and {h) the 

clinical condition of the joint. 

Lead is exceedingly opaque to the 
' rays, and henee the new method does 
' , ;^eom&n's service in gunshot wounds. 

The erratic course taken by bullets after 
|< entering the body often renders their 
\ diuovery, under the conditions of ordinary surgery, a matter of 

tmpoBBibility. By means of a Rontgen ray examination, how- 
[ ■•ver, the surgeon may in many cases acquaint himself aa to the 

exact whereabouts of the missile, and that without undressing 

tbe patient and without taking off splints and dressings. In that 
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event, moreover, the shock entailed by prolonged manipulation 
will be avoided. The Rontgen method may also be of service in 
this class of wounds by proving the absence of a bullet. In 
doubtful cases the value of such negative evidence, both to the 
surgeon and to the patient, is so ob\ious that it need not be 
enlarged upon. 

The difficulty of gaining exact evidence as to the presence of a 
rifle-bullet was well illustrated in the classical case of Garibaldi. 
Day after day his medical attendants, surgeons of European 
fame, endeavoured in vain to find out whether a ball was or was 
not embedded in the ankle of their illustrious patient. At length 
Nelaton settled the point by means of the ingenious probe that 
bears his name, an instrument tipped with porcelain, on which 
the leaden bullet traced an unmistakable billet. Rontgen, how- 
ever, has far surpassed Nekton's plan as regards ease, certainty, 
and simplicity. Had this method been available in the case of 
Garibaldi, a few minutes' exposure would have sufficed to clear 
up the diagnosis. A similar localization might possibly have 
saved the life of the late United States President, Garfield. It is 
interesting to add that in 1896 the presence of a Japanese bullet 
in the head of the distinguished Chinaman, Li Hung Chang, was 
demonstrated by the Kiintgen rays during his visit to Europe. 

Military Surgery 

In military surgery the Kontgen processes have proved of great 
value. On a cam|iaign, where Ivaggage is naturally cut down to 
the last ounce, some difficulty is presented by the cumbersome 
nature of the necessary apjwratus. However, the electrical 
engineers have already to a great extent met the wants of the 
case. As it is, an oixiinary fiolil ambulance waggon may be 
calculated to carry a ton bunlen, a weight tliat would more than 
accommoilato an .r-ray installation with dark-it>om and photo- 
graphic requisites. In the British army the Engineers already 
jK)ssess a photographic waggon, wliich might l>o adapted to such 
work. However, the Kontgen apimratus would not as a rule 
be located in the fi*ont, but at a Imso hospital, whore bulkiness 
would not be so jK^sitivo a hindrance. 

Hitherto the chief appliai\cos for detecting divply - placed 
bullets have been l^seii on {it) simple and {h) eloctrical contact. 
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' Of the former, the two best are Lecomte'e stylet-pinre, made to 
bite away a morBel of the metal, and N^laton's probe, which, as 
already stated, is marked by the lead. Electric probes, on the 
other hand, are constructed to show, by means of bell, galvano- 

■ meter, or microphone, when the circuit is completed by a bullet 
h touching the end of the probe. Tho two first -mentioned instru- 
} ments, however, are useless when dealing with modern hard- 
r.mantted projectiles: the stylet-pince fails to bite, and Nelaton's 
rjwobe to indicate the latter-day small-bore ball with its steel 
i X>f oupro-nickel envelope. Clearly, no auch difficulty awaits the 

method of Ilontgon diagnosis, which will at once demonstrate, 

not only the position, but also the exact size and shape of a 

missile in any, part i)f the body. 

The first opportunity of the trial of the new discovery in aetual 

[ warfare was afforded by the Grteco -Turkish War. The Uaili/ 

. ChrmikU sent off a complete outfit to the seat of the war in 

I connection with its national fund for the wounded. 

Surgeon-Major Beevor carried out tho Kiintgen methods suc- 

r ceasfully on the Indian frontier during the Chitral campaign in 

His work was often carried on in a temperatui* that 

kragistered 32° of frost and over. The only damage to his coil 

J on a train journey in Central India, when tho insulating wax 

^melted out owing to the int-cnse heat. He was able to repair 

bhe damage, however, and after that wrapped the coil in damp 

laokots. He found that the method was valuable in many 

inrgieal conditions other than the presence of a foreign body, as, 

r lor instance, in abscess, necrosis, undetected partial fractures, 

. sod injury to intcnjal organs. In one case the spleen was pene- 

Ltraied. In another a round bullet passed at low velocity through 

Pthe liver (iJriven by poor native powder) : biit the missile did not 

■ ilDJnre the plexus of nerves and vessels through which it passed 

■ across the body to a position between the ninth and tenth ribs, 
f.Trhere it was located by the rays. This diagnosis could not have 

>een attained by probing or other ordinary surgical procedures. 
In the brilliant campaign brought to a close at the latter end 

if 1898 by tho Sirdar, now Lord Kitchener, the value of tho 
[ Bdntgen methods was demonstrated under different climatic 
L'Oiroumstances. In the face of great difficulties Major Beevor, 
I ILA.M.C, applied them in the cold and mountainous districts of 
I Northern India, whereas Major Battersby, R.A.M.C., in the Nile 
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expedition encountered the not less trying conditions of sand- 
storms and tropical heat. The latter distinguished officer, who 
was in charge of the Rontgen ray apparatus in the Soudan, 
related his experiences in a graphic manner in a paper read 
before the Rontgen Society of London, January 10, ISOQ."^' The 
chief points raised may be thus summarised : 

First of all, it may be noted that the work was carried out 
in a climate where the temperature varied from 100° to 120° F. 
The destructive effect of that degree of heat upon insulating 
materials, upon fluids of batteries, and upon the processes of 
photography, may be readily imagined. 

Between Wady Haifa and Abadieh the Soudan outfit had to 
travel for two days and a night in an open truck, exposed during 
the daytime to the fierce heat of a blazing sun. By keeping the 
casing of felt wet, however, the journey's end was reached without 
mishap, and a thermometric observation showed that the tempera- 
ture in the interior of the coil did not exceed 85° F. 

It may also be noted that Battersby is clearly of opinion that 
the more perfect appliances for war purposes will dispense with 
batteries and coils. 'An ideal apparatus,' he writes, * would 
consist of a statical or friction machine — some modification, for 
instance, of Mr. Wimshurst's, by which the focus tube could be 
excited directly. For such a design many physical difficulties 
confront us, but they are not insurmountable.' 

Portability must always be a first essential in field work. So 
far as the coils were concerned, Battersby had one constructed in 
two parts, so that they could be slung one on each side of a mule 
or a camel. Each portion was packed in a teak box — the coil in 
one, and in the other condenser, commutator, break, and stand. 
These boxes were cased in thick felt, and also those containing 
the storage batteries, so that they could be constantly wetted, 
and their interior temperature thereby reduced by evaporation. 

The generation of electricity was managed in a highly ingenious 
way, which may be described in Battersby 's own words : * The 
pulley of a small dynamo is connected by means of a leather 
strap with the back - wheel of a specially constructed tandem 
bicycle. The required velocity for the dynamo is thus obtained, 
and our procedure is as follows : Having carefully adjusted the 
circuit with the storage battery, and also with the voltmeter 

* See Archives of the llorUgen Ray^ February, 1899. 
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■ and ammeter, my warrant officer took hia position on the seat 

' of the bicycle and commenced pedalling. When 16 volta and 

' 4 amperes were registered, the switch cloae to the handle of the 

bicycle was opened, and charging of the battery commenced. 

r As the resistance became gi-eater, a sensation of riding uphill 

was experienced, and the services of an additional orderly were 

I requisitioned for the frontrseat. This bicycle practice wa« 

geiieiBlly carried out in a shade temperature of 110° F., so that 

at the end of half an hour we unanimously agreed that some 

Other form of scientific amusement was desirable. Then the 

switch having been turned off before pedalling ceased, in order 

to avoid any discharge from the battery, the machine was brought 

to a Btaudstill. 

■ Our culls were the ordinary E.P.S. cells, 40 ampere hour type, 
with a voltage of 2 volts per cell, and discharge of 4 to 6 ampires. 
The cells while being charged required the dynamo lo give a 
current of 5 volts and 6 amperes ; this multiplied together gives 
an electro-motive force of 90 watts, and as 760 watte ofjual 
• 1 electric horse-power, g^ horse-power was necessary to drive the 
ilynamo for charging. It was also necessary to have an extra 
j horse-power to overcome the resistance of the working parts and 
the opposing force contained in the full batteries, hence the necessity 
of tandem seat for extra man.' 

Primary batteries arc for varicus reasons unsuitable for military 
purposes. The small dynamo abo^o alluded to was readily 
transported by rail and riier, but was urisuited for carriage by 
mule, camel, or by bearers. One of the 10-inch cods and ite 
accessories packed in an oak box was found too be-avy for mule 
or camel transport, but when slung by ropes on a long pole 
could be carried, like an Indian dhoolie, on the shoulders of 
four men. Bcovor advocates bearers above all other means of 
transport. 

The insulated wire for the various parts of the apparatus should 
be specially made to withstand hot climates. 

The tulws were ordinary hianodic focus tubes. Their platinum 
terminals were protect<td at the ends of the tubes by a thick 
ferrule of indianibher. ICach tube was wrapped in cotton-wool 
and packed in a small wooilen box, which appears to have secured 
safe transit. 

The fluorescent screen was most useful at night, but unsatia- 



THE l^NTOBN SAYS IF XEDICAL WOKfT 

I factory during the day, owing to the intense glare of the sunlight. 
Its surface was protected by celluloid, a moat necessary precaution 
in a hot and dusty climat«. This appliance is looked u|xm hy 
Major Batteraliy as of surpassing importance in military surgery, 
where rapid diagnosis ia everything. 

Batteraby used glaaa plates to the exclusion of celluloid films 
and sensitized paper. Those plates that had the thinnest filtn 

r were most suitable for the intense heat, and an alum-bath was 
essential in all cases. The water available for developing was 
comparatively hot, and no ice was to bo got, so that the more 

^ delicate shades of development had to be sacrificed. The developers 

I used were rodinal, hydroquinono, metol, and "pyro." There was a 
marked tendency for development to proceed at a very rapid pace, 
' often maldiig the picture flash up at once. As a rule, this part of 
the work was done at three in the morning, that being the coolest 
part of the day. 

After the Battle of Omdurman 121 wounded British ofBoers, 
' non-commisionod officers, and men were brought to Abadieh. 
Of that number there were 21 cases that could not be diagnosed 
accurately hy ordinary surgical means, and of these the presence 

[ or absence of a bullet was proved by the Rtintgen rays in 20 
inslances. The odd case was that of a shot in the lung, so severe 
that it was not considered justifiable to e-\amine at the time. The 
focus tube was used about sixty times in all. 

Spent bullet wounds are of common occurrence in fighting with 
natives whoae powder is not of very good quality. In former 
days it was difiicult to ascertain whether a bullet had lodged in 
Buch a wound or not, and consequently a good deal of probing 
was resorted to. All that ia now changed, as shown by aeveral 
of Battersby's cases. In one of the latter a private ha<i gunshot 
wounds on the outer and the inner aide of the left ai^n, and a 
third near the lower angle of the shoulder-blade. Three pieces 
of lead were shown by the raya at the outer side of the humerus. 
No bullet was seen in the chest, the wound in which was con- 
BBfiuently not probed. Another soldier was shot near the tip 
of the right shoulder behind the acromion. The bullet was 
localized at I'ighl angles to the axillary Ijorder of the scapula, 
2 inches below the glenoid cavity, and readily extracted. 

In aeveral instances where the foreign body could not be made 
out by the screen, owing to the flickering of the tube or the 
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glare of diffused, sunlight, a diagnosis was nevortheloas afforded 
by a photographic plate, even when the latter was much damaged 
and imperfoct. In this way a bullet was found flattened out like 
a shilling at the lower end of a leg, and an injured hand was 
shown to have the metacarpal of the ring-finger fractured. 

The supply of focus tubes taken out by the two officers quoted 
above seems to have been far too small ; thus, Beevor took only 
three, and Batteraby only four. When we consider the great risk 
of damage in transit, to aay nothing of perforation during work, 
to which these delicate tubes were exposed, we would imagine it 
safer to take, say, several dozen, and to distribute them at various 
bases of supply. Beside the greater safety ensured by such 
distribution, it is now pretty well agreed that better results can 
be obtained by reserving certain tubes for llioae purposes to 
which they are best fitted, as, for instance, for penetration or for 
\ screen work, instead of attempting to get a number of diverse 
effects from one or two tubes by varying the spark, current, break, 
«)d other conditions. 

The experiences of the Kontgen method in the Gneeo-Turkish 
War, in the British expeditions to Chitral and the Soudan, as 
well as in the Spanish- American War, prove conclusively that 
it may be applied under all conditions likely to be met with in 
campaigns. Localization seems to be satisfactory, but much 
remains to bo done in the generation of electricity, in the intro- 
duction of portable machines of the Wimshurst tj-pe, in the im- 
provement of photographic films and aenaitized papers, and in 
the perfecting of screen appliances. In short, the army surgeon, 
taught by the experiences of the field, must look to mechanical 
and scientific experts for advances in the direction of portability, 
simplicity, strength, accuracy, and durnliility. 



Onnahot Woands in Civil Practice 

Apart from military surgery, however, there ari 
gunshot wounds to be met with in civil practice. It is surprising 
the number of injuries of this kind, accidental and otherwiao, 
that come under treatment in the course of a single year at one 
of the great general hospitals of the Metropolis. Many prac- 
tidonera will readily recall the long and fruitless eeareh for the 
missile that usually took place in their student days. Now all 



THE RONTaSF SATS IF MEDICAL WORK 

that ia changed, and if & bullet be present, it may a^ a rule bo 
located within a few minutea by the Rontgen ray apparatus which 
ia now attached to every well-appointed hospital. 
, One great advantage of the new method is the avoidance of 
the risk of introducing harmful micro-orgauisma into the wound 
by means of the probe. In fact, the method may be regarded as 
I an addition of prime importance to aseptic surgery, and it must 
infallibly lessen the mortality that has been hitherto incirlent to 
gunshot injuries. A further gain is that, with a knowledge of 
exact location, the surgeon can minimize the extent of his opera 
tive meaaures. The latter point is well illustrated in the following 




^^V case, reported by Dr. E. H. Lee to the Chicago Academy of 
^^^ Medicine : 

'The removal of foi'eign Ijodies by means of aldagrapha,' he 
remarked, ' has opened up a great field of observation in that 

I line, I have in this connectiori an interesting ease, which was 
that of a policeman who, in pursuing a burglar, shot himself in 
the heel. The skiagraphs show the bullet embedded in the upper 
portion of the os calcis. I located the bullet before removing it 
by Girdner's bullot-probe. By the skiagraph it is seen that the 
bullet is not located in the joint. This is a point which was of 
the greatest importance, for the joint was not opened during the 
Operation. It was supposed that we could not remove the bullet 



J 
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without opening the joint, and it could hardly have been avoided 
had we not had such accurate knowledge of the location.'* 

It will be seen, therefore, that the Rontgen methoda furnish, as 
Ewerc, an absolute chart upon which the surgeon may found, 




in/, July, ISWt.) 



not only hia diagnosis and plan of operation, hut also the hurdly leas 
important point of prognosis. 

Fig. 32 gives a good idea of the record obtained from small 
ahot. It was taken from the arm of a gentleman who had been 
•eeidentally shot twelve months previously. Two pellets lie 

~ ' rfto Journal, CIiiciBo. Jnnuary 16, 1S97, p. 124. 
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ckwe to the ulna, a small portion of which is portrayed. They 
caused no trouble, and as the patient was strong and muscular, 
their presence could burdly have been detected by any other 
means. In cases of this kind, where a foreign body has been 
embedded for a long perioii of time without giving rise to any 
inconvenience, it need scarcely be remarked that few surgeons 
would counsel removal. 




F(B. 34.— Thumb bhowino Lbadbk DfcnKiw am> AiwrnpnoN- av Bosb (Distal 

EsD OF Mbtacaki-al) AiTKa IiiPAt-r of Bullet. (Mandroe.) 

Tbo above print is from a ]iIio[<>gra]i1iii; lilni, anil leversea the light aud shade 

or an Drdiniiry z-ray, just as hajii-eiia wlicii tlie ]<ositivr [jriiit is taken ou 

sDiuitizod ]«]ier. 

The radiogram of a bullet-wound may help diagnosis in various 
ways. In the following case, related by Dr. Mandras, of Paris, 
it threw light upon an injury of the kind long after its infliction r 

' M. E — — was struck about fifteen years ago by a bullet from a 
revolver a little below the distal end of the dorsal surface of the 
first nietacai'pal. There was no fracture, but the hall glanced 
round the bone, and caused an extensive laceration of the tissues 
at the lower and inner part of the thei 



'Forty days after the accident the wound was healed, but 
there was complete loaa of power of the thumb. Professor 
Dubreuil extracted a disc-shaped fragment of a bullet the size of 
ft franc. Soon after a second piece, as large as a lentil, was taken 
away, followed by a third two and a half months later, but it waa a 
year before the thumb regained its movements.'* 

A radiogram of the hand by Messrs. .Toiibert and Bertin-Sana 

showed (I) a slight depression upon the metacarpal bone, doubtless 

kdue to the destruction of the periosteum by the projectile, and 

l',(2) the presence in the ball of the thumb of much metallic drbris. 

' the courtesy of Dr. Maiidrns, the photograph is reproduced in 

f Fig. 34. 

Localization of Foreign Bodies 

In order to localize the exact position in the tissues of a foreign 

[ body, it is often needfnl to take a second j-ray observation 

■ right angles to the first. For instance, let us take Fig, ;t5. 




Kwbicb ehows a needle to be imbedded in the finger. With so 
EsBibU an object, the surgeon has no clue as to whether it lies 
L'bttck or front of the digit. A cross-photograph, however, will at 
mce settle the point. 

When the tluoreseent screen is used, the surgeon might in 
ome cases be able to localize by means of acupunctivo needles. 
I Thiu, he might take two views at right angles, and in each pass 
IS the held a needle until it apparently touched the foreign 
rifcody, or be might first accurately lix the aiuulow and push an 
■ IKUpuncturG needle straight into the tissues in the direction 
I'mdicated, and then, by a cross-^-iew, ascertain the exact depth to 
■ lUdiograpliie en Hrdeciue,' (mr V. Maodraa, M.D., Bailliiro, Paria, 1896, 
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which the needle should be carried. Such a proceeding would 
obviously be confined in its application to the less vital regions. 

Other aids to the correct reading of the record of a foreign 
body are furnished by (a) the sharpness of the shadow outline, 
and (b) its size in relation to the original object. These points 
are both shown in the following experiment of Mr. Greenhill's. 
A radiogram was taken of a hand with two sections of bullets 
exactly corresponding in size, placed, the one on the back of 
the hand, away from the plate, and the other on the palmar 
side next to the sensitive surface. The difference in the resulting 
images was striking. That of the lower one was clear, sharp, and 
almost of the same size as the original section; the other, on the 
contrary, was darker, larger and more diffuse. This difference in 

the size of the recorded shadows 
is explained by the fact that the 
rays issue from the focus tube 
in radiating straight lines ; the 
diagram (Fig. 36) will serve to 
show what is meant. Let F 
represent a focus tube in action, 
P the sensitive photographic 
1^ 2* plate, and A and B two objects 
of similar shape and size, such 
Fig. 36. as two halfpenny pieces, but A 

being near the focus tube and 
B near the plate. It follows, then, as the Rontgen rays radiate in 
straight lines from F to P, that the shadow a will be larger than 6, 
inversely to the distance of A and B from the focus tube. In fact, 
given the distance of tube from plate, and the size of the shadows, 
the relative position of the intervening objects could be determined 
by a simple mathematical calculation. Upon this principle, indeed, 
the chief localizing methods are based. 

It need hardly be pointed out that the ordinary localizing signs 
and symptoms, such as pain, tenderness, swelling, dyspncea, and 
difficulty of breathing or of swallowing, together with the history 
of the case, will retain their former value to the medical attendant. 
Such aids to diagnosis, however, are often altogether wanting, 
and it is then that the surgeon will call in the aid of the Rontgen 
rays. In short, the philosophical observer will find therein an 
additional means for conducting exact investigation into regions 
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I faitherto inaccessible to either direct or indirect visual inspec- 

\ tion. 

In practice, the location of an object buried in deep tissues or in 

I the larger cavities of the body often presents peculiar difficulties. 
Suppose a bullet to be lodged near the surface of the lung, there 
would be a better chance of finding its exact position than if it 
were more deeply embedded. In investigating the brain, the photo- 
graphic field tB somewhat obscured, as the rays pass through a large 
mass of soft material and two surfaces of bone, of varying thickness 
and density, which under present methods are more or leas recorded 

I on the plate. 

In the case of a foreign body in the brain, the action of a cross- 
record may be explained by the following diagram (Fig. 37) : 




f the secc 

^^■^fXactl/ 
^^^^■Et sbouli 



Let sk. represent the skull ; /. h. the foreign body ; No. I. the 
lamp, an<i A the sensitive plate used for the first position ; No. II. 
the lamp, ami B the plate for the second position. Then the 
ahadow Al will fix the plane between No. I. and A in which /. h. 
lies. The exact point of /. h. on that plane is determined by the 
shadow B2 on the second plate B, which fixes the plane of / b. 
between No. II. and B. In other words, the foreign body lies at 
the point of intersection of the two planes obtained by the two 
radiograms taken at right angles the one to the other. In taking 
the second or cross photograph, the lamp should be placed al 
fXactl^ the same distance from the plate as in the lirst exposure. 

should also be over an exactly corresponding part of the plate. 
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as, for instance, the centre. In dealing with an oval object like 
the skull, it will be better to leave the latter in one position and 
to move the lamp, placing the plate A on the table, and B at 
right angles. In practice, however, the results are not so easily 
obtainable as might be inferred from the foregoing explanation. 
In the above case, for instance, there would be greater difficulty 
in penetrating the long axis of the skull, and a somewhat longer 
exposure would be needed for that position. 

In one instance, referred to a few pages later, a bullet inside a 
skull was located by two radiograms: a cross or trans-frontal 
exposure of eight, and a fronto-occipital of twenty minutes. 



>p>r 



Km. as. 

Another molhiMl, which takes both viows in the short axis, is 
on tho prineiplo shown in V\^, .'^8. Two views are taken by 
shifting the fwus x\\\\k\ but the binly to bi* penetrateil and the 
sensitive plate ivmain in exaetly the Siune ivlative jK»sitions. The 
lamp is put at thi^ sjuue distance fi*oni the phite in Ixnh views, 
and also in some known ivlation to a i^iveu |HMnt, say the centre 
or the edgi* of the platt\ Hy eoin|KU-inj:j the n^sulting shadows, a 
eonelusion ean In* formed as to the intei*seetion i»f the planes, la 
and lib. This is the exaet principle of the Kx^ili.'ing apparatus 
devistnl by Mr. Maeki*n/.ie Oavidson. who pku-es threads on the 
lines Wtweon Xo. I. and tr» and No. II. and .'\ and bv shiftinsj the 
focus tuW takes two imagtv^^ on one sensitive plate. 



MEDICAL ANB SURGICAL ArFLTCATlOXS 



Mackenzie Davidson's Localiziiig Apparatus 

The two positions of the anode are secured tiy sliiiing the focus 
I tube along » horizontal bitr, marked with a millimetre scale, 
I which runa both ways from a central point at zero. Beueath is 
} placed the senaitive plate, or, better, film, protected with black 
I paper in the usual way. On the photographic envelope are laid 
l' two wires at right angles to each other, so placed that one of 
I them runs in the same direction as the horizontal bar that carries 
I the tube above, and their point of intersection lies beneath zero 
I on the scale. The cross-wires may conveniently be fastened to 
[ a thin board or sheet of vulcanite, and kept in place over the 
I sensitive plate by means of drawing-pins. The wires are painted 
I with aniline ink so as to leave a mark on the body of the patient, 
[■ and it is convenient further to ' orientate ' or identify one of the 
I comerB of the plate by some opaque object, as a small coin, with 
[' a corresponding sign (in aniline) on the adjacent skin surface. 
I Two equidistant points are marked off by clips at each side of 
' rero on the horizontal slide bar, say at 5, 10, or 15 millimetres, 
as may be decided by the operator. The focus tube is then drawn 
up to one side-clip and an exposure made, after which it is 
I pushed over to the opposite clip and a second exposure made of 
I equal duration. The distance from the centre point of the anode 
I to the plate is accurately meosui'ed. The operator is then in 
I of a number of accurate data from irhich he may find 
I the exact relation of a foreign body in a patient's tissues to the 
I OTosa-wires and photographic sui'face, or, what amounts ta the 
\ lame thing, to the aniline cross mark upon the patient's akin. 

In order to work out the problem readily and accurately, 
IHt. Davidson has dei'ised a ' cross - threatl localizer.' The 
l^iparatus consists essentially of an adjustable horizontal bar, 
■marked n'ith a millimetre scale starting from a centi'al zero, and 
t^otched correspondingly on its upper edge. A plate-glass stage 
■narked with a cross, of which the point of intersection lies exactly 
li zero on the horizontal bar. Beneath the stage is a hinged 
ifleoting mirror. 

I developed negative is placed film upwards on the glass 
1, and the shadow of the wires mode to correspond with the 
a mark on the stage. The bar is next raised or lowered so as 
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to }>riiig the zero of the scale to the same distance from the scale 
as that of the centre of the anode from the sensitive plate when the 
exposures were made. 

Two fine silk threads are next passed over the horizontal scale 
bar. Each thread has a weight at one end to keep it taut, and 
is fixed in a notch on the scale corresponding with the distance 
of the anode from zero during the original exposure. The other 
end is threaded into a fine needle fixed in a piece of lead. This 
part of the thread between the notch on the scale and the eye of 
the needle represents the ic-ray, and is movable. With two such 
threads, then, it will be easy to trace the path of the rays in rela- 
tion to a body interposed between the focus tube and the sensitive 
plate as shown in the diagram (Fig. 38). 

One threaded needle is placed upon any particular part of one 
of the photographic shadows of the foreign body, and the other 
needle upon a corresponding part in the second shadow. The 
point where the threads cross and touch each other will repre- 
sent the position of the part of the foreign body chosen for 
location. A perpendicular is then dropped from the intersection 
of the threads to the negative below, and a mark made where the 
perpendicular touches the negative. The distance of the spot 
thus marked out from the cross-wires is measured by a pair of 
compasses. 

The operator is then in possession of the required measure- 
ments. Suppose the distances to be 3 centimetres and 1 centi- 
metre as in the diagram, and the depth from the crossing of the 
threads to the plate to be 2 J centimetres, then he knows that 
the foreign body lies at 2 A centimetres from the surface of the 
patient's skin, at a distance of 3 centimetres and 1 centimetre 
innw the ci*oss-wires, in a (luadrant that is easily determined by 
reference to the distinguishing mark (<'.</., coin) placed there when 
taking the double-exjwsure photogi-aph. 

Mr. Davidson s own words may be quoted : * The height of 
the point when* the threads cn>ss gives one eo-oi*dinate — that is, 
the depth of the foreign Inxiy below tho skin which rested on the 
photographic plate. The other two nioasuroments give the other 
two oo-onlinatos. It will bo obvious that these measurements 
can be noted thus (stH) Fig. 31)). 

* As the mark of the wires is left on the patient's skin, all that 
is ivquired is to measure the two co-ordinates on the skin that 
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fptG the point below which the foreign body will be found, at the 
tdepth given by the third co-ordinate.'* 

If the reader haa grasped the foregoing description, he will 
Lreadily perceive that by ganging opposite sides of shadows it 
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[ bfl possible to measure the size of the foreign body. As a 

■ of fact, such a conclusion can be drawn with quickness 

I precision, A little practice, however, is nrtsessary, and the 






96 



THE RONTOEN RA YS IN MEDICAL WORK 



beginner will find it a good plan to localize small objects, such as 
bullets or shot buried in a turnip or a block of paraffin.'**' 

Dawson Turner and others have published a simple formula for 
localizing, t Two photographs are taken on one plate by shifting 
the focus tube. The distances are measured from tube to plate 
a, between the two positions of the tube 6, and between the two 
shadows on the photograph c. Let x equal distance of the 

foreign body from the plate. Then a:=r . Supposing a to be 

33 centimetres, h 10 centimetres, and c 1 centimetre, then 

33 X 1 „ 
j;= IQ-, Y = 3 centimetres. 
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Fio. 40. 

Dr. Hedley's combined localizer and vacuum-tube-holder is a 
modification of Mr. Mackenzie Davidson s apparatus. It serves a 
double purpose, and is designed with a view to portability and 
simplicity. It consists of an upright steel bar screwed into a 
collapsible tripod stand, and carrying a shifting horizontal bar 
made of wood and graduated, and armed with a travelling clamp 
that grips the focus tube. A wire cross dipped in an aniline dye 
is laid on the plate to mark the patient s skin, and the path of 
the rays is traceil by silk threads att^iched to the scale at points 
corresponding with the foi'us tul>o during the two exjK)siu'es and 
carried down to the images on the developed plate, where they 

* The apiMiratus is niatJo by Messrs. Ciirry auti Paxton, of CJrt'at Portland 
Street, London, W. It is kept in two sizt*s. 
t ScoUish Jffdical and SunjiMlJoHrHaf, April, 1898. 
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« fixe<l i)y small weights. The point of intersection of the thi-eads 
marks the position of the foreign Ijody. 

Mr. Hall-Edwards has a good localizer, in which a chequered 

grid lies flat over the sensitive plate and beneath the shifting tube. 

, In America the ' Dennis Fluorometor ' is in vogue. It consists of an 

■iquighl grid attached to an operating table, and was used exclusively 

" I the recent Cuban war, where it was founcl to work rapidly and 

[, especially in screen -localization. 

Foreign Bodies in Brain 

By the kindness of Mr. Davidson the writer has been enabled 
'.to reproduce the accompanying illustration (Fig. 41), showing 
bnllets artificially introduced into the head and neck of a cadaver. 
Commencing from above downwards, the round ball at the top 
placed in the right frontal lobe of the brain, and the conical 
■hullet next to it also inside tbe brain, close to the right parietal 
fcoiie. As the right side of the head was placed next the sensitive 
plate, both these bullets were brought close to the film, a fact 
which accounts for their clear definition. For a like reason their 
shadows in the original photograph correspond nearly in size with 
those of the foreign bodies. Their sharpness of outline is wanting 
in the third hullet (from alwve downwards), which was placed in 
centre of the lower portion of the skutl earity, over the basilar 
:ess uf the sphenoid. The radiographic record of the last 
lile, moreover, would be larger than the original, owing to its 
>mparative distance from the sensitive plate. Much the same may 
said of the remaining bullet, which is deeply emliedded in the 
Idle line of the muscles of the back of the neck. 
In the absence of definite information as to details, it may be 
conjectured that the tube, acting strongly from both a photo- 
graphic and a penetrative point of view, was placed close to the 
skull, and that the exposure was fairly long. l''nder those con- 
Ions, the side of the skull next the lamp would bo reproduced 
faintly, if at all, and a reference to the figure will show that 
repreeents mainly one side of the skull, namely, that next to 
plate. It will be noticed that the frontal sinus ia displayed, 
gums are toothless, the tongue well defined, and, lastly, that 
excellence of the result is to some extent accounted for by the 
bones, and the fact that the photograph was obtained fitini a 
subject. 
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The subject of clearness of definition is admirably handled by 
Mr. Lewis Wright in his work on the * Induction CJoil.' He states 
that sharpness can be increased in two ways only : (a) by in- 
creasing the distance of object and plate from the tube, which, of 
course, lessens photographic power, but is useful in some cases; 
and {h) by reducing the radianf^* almost to a point. The following 
passage is so clear and practical that the intending operator will 
do well to study it carefully : * As Dr. Macintyre has pointed out, 
the problem confronts us, when we deal with subjects of great 
depth, in a more complicated way. Suppose we want a radio- 
graph through the entire human body, or through the entire 
cranium. We have now to consider what we want. If we 
remove the focus tube to a distance proportionate for the much 
greater thickness, to 9 or 10 inches for the thickness of the hand, 
our shadow of all the structures would be of approximately equal 
sharpness. But in the first place, such a distance will afford far 
too feeble radiation ; and in the second place, even supposing 
that we could thus get shadows of all the structures super- 
imposed, these would only confuse each other. What we want 
is some definite portion, the less confused by images of the rest, 
the better. These objects are best attained by placing the focus 
tube as close as possible to the structures we do not want. If we 
seek for a suspected injury or disease of the bone on one side of 
the cranium, therefore, we bring the tube close to the other side, 
and the photographic plate close to the side we wish to photo- 
graph. Then the shadows of the side next the tube are so 
diffused and dispersed and enlarged that they practically dis- 
appear : while the details are sharp of the side in contact with the 
plate/ 

An admirable instance of ingenious intracranial localization 
has been kindly furnisheil to the present writer by Professor 
Wayniouth Koid, of Dundet\ Owing to the shedding of hair that 
followeil the first oxjxvsuro to the Rontgen rays> he found it 
im|H>ssiblo to pnxniro a cross-photograph. Although the plan he 
adopt tnl divs not stand eomi^arison with more recent methods, it 
novortholoss has a distinct historical value : and the case presents 
featun^s of gnv^t clinical intorost, so that a short aoixnmt may be 
here insortini : 

The jv^iiont* a youu*; gvMUleman» fixMW whom the radiogram 
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■ was taken, itvcidentall; shot himself t>y a. bullet from a revolver 
H on May 21, 11^91. He came under the care of Dr. Blaikie Smith. 
W of Aberdeen, who published an interesting account of his case.* 
I When found after the accident, l)lood and brain matter were 

■ oozing from a wound in his forehead, a little above and to the 
B outer side of the right supra-orbital foramen. A director passed 

■ into the' aperture of the frontal hone, and through the substance 

■ of the brain, reached somewhere near the upper extremity of the 
B fiBBure of Kolando. With regard to the track of the bullet, 
I JDr. Blaikie Smith remarked : ' It seems clear, from the position 

■ of the opening in the skull, that the missile penetrated the brain 
B about the lower part of the fii-st frontal convolution. Continuing 
B its course obliquely upwards through the convolution, it apparently 
I aext entered the motor area of the brain, prmlucing, as direct 
I results, paralysis of the arm and leg on the opposite side.' 

I Strange to say, the patient recovered entirely from this serious 
V wound. Five years after the accident, at his own request, a. 
I B^ntgen ray photograph, reproduced in Fig. 413, was taken by 
I Dr. Rcid, to whom the writer is indebted both for the illustra- 
B tions and for the notes of his method uf localization. 
I An external landmark was secured by means of a head-cage of 
W leaden wire fitted to the right side of the head, which was plocefl 
I upon the sensitive plate. The cage was cnnsti-ucte<l and fitted in 
accordance with the measurements given by Poirier ('Traitt; 
d'Anatomie Humaine,' 1895, t, iii., p. 431). 

A tracing of the Riintgen photograph was fixed to a flat surface, 

LiSnd over it was nailed that portior) of the wire cage rising 

I Tertieally from the Sylvian line, so as exactly to cover its own 

' Bhadow mark (A, B in the sketch, FJg. 43). A small surgical 

incandescent lamp was then suspended at the height of the anode • 

of the focus tube, as measured in the first place when taking the 

photograph. The lamp was then moved laterally until the 

I diadows of the cage were cast upon the tracing of the original 

I'fWgfttive. By that means the incandescent lamp was placed in 

Ia position corresponding precisely with that of the anode in the 

Ijbat exposure. Paper discs of varying size were next interposed 

(beneath the rays at X, until their shadows fitted those on the 

Meoflurements were then taken upon the curved wiroa 
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of the lead cage, just as they would be upon a patient's head before 
operating. 

Clearly, the depth of the bullet might be calculated very 
differently by this method, according to the size of the interposed 
disc. Accordingly, a bullet of the same size as that with which 
the patient shot himself was obtained, and three discs were cut — 
(1) of same diameter, (2) half as large again, (3) double the size. 

No. 1 indicated a location on the left side of the brain. The 
shadow on the original radiogram, however, was too sharp for such 
a position. Moreover, the bullet must necessarily have been more 
or less flattened by frontal impact. Lastly, the clinical symptoms 
pointed to a right-sided injury. 

No. 2 showed bullet on the right side 1| inches up from the 
Sylvian line, 2} inches back from the vertical rising to Rolandic 
line (A, B), at a depth from surface of 2 inches. 

No. 3 fixed the foreign body on the right side close to the 
surface, li inches above the Sylvian line, and 3 J inches back from 
the vertical rising to the Rolandic line. 

This last inference is probably the correct one. Dr. Reid 
concludes that the bullet, after it had traversed the brain, 
came to a dead stop, flattened against the inner surface of the 
skull. 

It is interesting to note that this highly ingenious — indeed, 
brilliant —a;-ray diagnosis nearly confirmed that arrived at in the 
first place by Dr. Blaikie Smith. In his published account of 
the case, that gentleman wrote : * In all probability, the bullet 
has l>ecome arrested either in the leg centre or in its immediate 
vicinity. The exact situation is open to doubt ; possibly the future 
may detennine its position unth greater accuracy than can be done at 
present.^ In the light of recent events, the remarkable passage 
printed in italics reads like an inspired prophecy. Dr. Smith, 
however, has explained to the writer that what he had in mind 
was the possible future development of localizing signs. He 
has added that when he last Siiw the patient the left knee-jerk 
Wiis still exaggerated, and the left hand apt to become cold from 
slight causes, the latter result being perhaps due to trophic 
disturbances. 

A somewhat similar case has been published by Dr. Fattic in 
.an American journal.* A boy of nine was shot in the forehead — 

• Xew York .Vrdkal Xews, August 28, 1897. 
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\ inch over the superciliary ridge, and 1 inch to the riglit of the 

I median tine — with a revolver bullet of small bore (32 calibre). 

I The wound passed upwards, backwards, and slightly outward, but 

k the missile could not be felt by a sterile probe passed in for a 

I distance of 31 inches. Antiseptic irrigation and dressings were 

Applied and ahock overcome by free stimulation. The lad hod 

mplete paralysis of the left arm for a week, after whieh time 

' he got gra<lually well. Seventeen months after the accident the 

bullet was located close to the frontal bone by two exposurea^a 

trans-frontal one of eight minutes, and a fronto-occipit-al of twenty 

minutes. Dr. FattJc's explanation of the position of the foreign 

I body may l>e gathered from the following note : 'From the history 

I of the case it is evident that the motor area of the right side of 

I the brain, controlling movements in the left arm, was injured, 

[ and the relief from the paralysis and the present location of the 

I bullet, as shown by the i-adiograms, warranted the belief that the 

I missile must have retraced its passage along the brain wound, 

issisted by the foi-ce of gravity.' 

Messrs. R(^my and Contremoulin have devised an ingenious 

Ki&etho'l of localization, which was laid before the Paris Academy of 

['Vedicine on March 20, 1897. Having taken two radiograms by 

% Oookes' tube in different positions, they were enabled by means 

r^f a geometrical figure to determine the exact position of a foreign 

Bbody. Then, by a special apparatus, somewhat like the compass 

1 by sculptors, they were able to fix with mathematical accuracy 

e depth of the object from the surface. 

An interesting ease, recoi'dod by Mas Scheir, was that of a 

Dsn of twenty-seven, who had received a gunshot wound above 

&e right superciliary ridge. From the symptoms it was imagined 

that the bullet had lodged in the orbit, which was explored, but 

without success. Five years later the rays revealed a foreign 

body somewhere near the Gasserian ganglion. A radiogram tAkeu 

■t the time would have prevented the useless exploration of the 

l.'Orbit. Moreover, had the bullet been removed by operation, the 

patient might have lieen spared the ensuing paralysis of the fifth 

(except its motor branch) and of the olfactory and optic nerves. 

Many other bullets have been detected in the brain by the 
Kontgen rays.* Thus, Eulenberg described two such cases. In 
HjQte first the foreign body was found in the right middle fossa of 
• Dtulxh. Med. IVothfiiichHft, Angost 17, 1895. 
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th(3 skull, a little to one side of the median line; in the second 
it was shown close behind the orbital fissure. In detecting a bullet 
in this position, it is of practical importance to note that it may 
sonu'tinios be readily seen by means of the fluoroscope where a 
long oxj)OHurc (an hour) has failed to obtain a photographic 
record, <ih in a case described by Dr. Bruce.* In such an event 
it would be possible to locate with the tube in two positions 
(A, B) by bringing an opaque object into line with the foreign 
Inxly, and thon marking the entry and exit of that line on the 
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Fu:. 44. 

*kull TKo jHMtit of iniorskvtiou would W the site of the bullet. 
A *\HVUil iustrumout for uiarking is tho ' puuktograph/ 

Ftirtign Body lodged in Spine 

IV. rhol^^ v*t No^ York* hik> r^*|Kn^«l ii v'si^ wherv* u revolver 
buHot xu'uck tKo thvrv^kl oartiUi^^ :iU\i. After [v*;?s£ni: through 
I ho tt^vkv lv\l^i:^\l *.u ;*ii uukiiv*w»v |vfcrt. A raiioiXAm showed a 
\Urk s^vt in :hc tv*v.*th vvrxie*! vertebra, aim wt:h :he knowi<di:e 
thiw i:5ii»u\i :Kc sv:*xvv.M >»*s etw^^U\t :o oivr;*:e 5uct:e^fullv. 
I'Ke \Ut h^tsl stttx'k :he tur\l Umitu* .'t :b.e verte'^^r* jinvi t!a:cened 
vKU* After »hvK i: bvV.i ^^reiv ^vfsetr3i:<\i :be v-a;*.»4!. Kevwery 
uiK"\e.v:fu*., 
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Foreign Bodies in Neck and Thorax 

Such objects as coiiia and buttons have been detected in the 
larynx, bronchi, lungs, mediaatina, and pleura by moana of the 
liontgen I'ays. In most of these sites, however, it is likely that the 
clinicai signs and s^-mptomB will afford an equally ready means of 
diagnosis. 

Dr. Walker Downie, of Glasgow, found a pin which had slipped 
into the larynx froni the mouth. The foreign body could not be 
seen by the laryngoscope, but the patient, a boy, complained of 
■ a pinching pain at the back of the throat, and some pain in 
swallowing.' The pin was discovered by the rays, and easily 
extracted by external operation. 'i- Dr. Downie has kindly allowed 
the accompanying reproduction (page 103) of his original photo- 
graph. It was taken with an exposure of eight minutes to an Apps 
coil having a 10-inch spark. 

The plate shows parts of upper and lower jaws, with some of the 
molar teeth and their fangs. To the left are several of the cervical 
\ urtebrie, and in front, under cover of the lower jaw, is the hyoid 
bone, below which a light perpendicular band indicates the posi- 
tion of the larynx and trachea, structures which are particularly 
translucent. Crossing this light area, at the level of the lower 
border of the body of the fourth vertebra, is the pin with the 
head anteriorly, corresponding to the outline of the thyroid car- 
tilage, and with its point embedded in the cartilaginous disc 
between the fourth and (ifth cervical vertebne. The pin appeira 
:il least \ inch longer than the antero-posterior diameter of the 
larynx, and it is bent near the middle, with the convexity directed 
uj* wards. 

In an antcro-posterioi' radiogram the pin was localized by means 
of two pieces of silver wire fastened with sticking-plaster, the one 
in the middle lini.-, and the other at right angles in a carefully- 
noted position. In the picture the two wires were shown fixed 
to the skin, and ] J inch above the horizontal one was the image 
of the foreshortened pin, with the head close to the middle line, 
from which point the body of the pin was directed upwards and 
liackwards. It is interesting to note that there was no indication 
of the vertebra!, through which the niya must have passed to give 
the image of the pin ahown in the photograph. That result is 
* Edinburgh Jfrdiail Journal, January, 180". 
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doubtless due to the high penetrative action of the focus tube, as 
well as to its nearness to the spine. 

The principle of localizing by means of wires is capable of ex- 
tensive application. Soft lead wire is suitable, and may in many 
cases be twisted round a limb. If fastened on with plaster, it 
should be remembered that most forms of that material are opaque 
to the rays, o^iang to the contained lead. 

Dr. Downie has reported another case in which a pin was 
localized outside the larynx in a line behind the right thyroid 
cartilage, and removed by forceps.* 

The beginner will do well to study all the figures attentively. 
In this way he will train his eye to the recognition of various 
objects, and will also prepare himself for the more difficult task 
of reading the fluorescent screen. Unfortunately, there is a loss of 
detail in almost any kind of reproduction for book illustration. 
This is especially the case when the original radiogram is reduced 
on the block. 

An indiarubber drainage-tube, when lost in the plem-a, may 
now and then be located by the rays. However, as a rule it will 
yield no readable record, falling as it does within the uncertain 
region of faint soft tissue shadows. 

There is doubtless a great field of future usefulness for the 
Eontgen processes in lung surgery. That fact is well illustrated 
in a case published by Dr. White, of Pennsylvania.! *I have 
now under treatment,^ he writes, *a young lad who accidentally 
shot himself with a 22-calibre parlour rifle. The ball entered the 
wall of the right chest on the mid-axillary line in the sixth 
interspace. The muzzle of the rifle was pointing upward. The 
patient complained bitterly of pain under the upper border of 
the right scapula. The history of the case and all the clinical 
phenomena would have led to exploration in that region, but the 
radiograph shows the bullet in the lower lobe of the lung, on a 
level with the tenth rib, and near the middle line of the body. 
The picture also shows in a convincing manner a pulmonary area 
(corresponding to the lower lobe) of increased opacity, and evidently 
the seat of blood -eflusion and inflammation. The patient has all 
the clinical symptoms of a traumatic pneumonia. 

* There can be little doubt that the difficult decision between 

• Briiislt Medical J&umal, October 22, 1898, p. 1243. 

t T?ie American Journal of Medical Science^ January, 1898, p. 4. 
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itive interference and expectancy in penetrating gunshot 
wouncla of the thorax without wound of exit will be greatly facili- 
taterl in tho future by the acciirate localization of the bullet.' 

In the {esophagus it is fairly easy to locate false teeth and 
other objects opaque to the rays. Thus, a London medical 
journal* commented on a case where the results of such an 
attempt, although negative, were nevertheless of an instructive 
nature. The facta were briefly as follows : A young lady 
swallowed by accident a set of false teeth. She called in a 
medical man, who, failing to remove the impacted plate from 
the gullet, pushed it, or thought he pushed it, down into the 
stomach. Some time later she went to a hospital, complaining 
of pain in the aWoraen, and that region was rati iogra plied, but 
without result. Shortly afterwanls she brought up a quantity of 
bjfiod, and was taken to another hospital, where ahe died ivhile an 
attempt was being made to radiogra.ph the abdomen, to which pai-t 
referred to the last. 
Post-mortem it was found that the plate had lodged in the 
iphagua below the bifurcation of the trachea, whence it had 
ileerated into the aorta. This case suggests the advisability of 
examining the thorax at once by means of the rays whene\'er a 
peraon has been unfortunate enough to swallow a dental plate. 

Dr. Barry Blacker haa reported the following ease ; ' A. B , 

48, male. Swallowed set of false teeth consisting of plate 
eight teeth, seen in lateral view between the levels of the 
rid and thyroid cartilages, immediately in front of the bodies 
of the vertebne, and in the antero-posterior view from behind as a 
semicircular object, with the convexity to the right side of the 
vertebrffi, about 2 inches in length. "t 

It a foreign body be found impacted in the upper pait of 
the gullet, the surgeon may decide forthwith to peifoi-m an 
uesophagotomy. Indeed, it is chiefly on account of the difficulty 
of localizing such objects that this operation has been hitherto 
of rare occurrence. As in the foregoing instance, where a foreign 
body is impactefl in the gullet, the occurrence of gastric pain is 
apt to be misleading. Dr. Macintyre has described a case where 
a boy swallowed a halfpenny some six months previously. The 
fluorescent screen showed the coin to be lodged opposite the 
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third dorsal vertebra. In that instance the pain was constantly 
referred to the stomach. Indeed, where pain in that region 
cannot be explained by some ob\'iou8 cause, the surgeon will do well 
to make the a^-ray examination of the chest a routine practice. 

An excellent example of a coin impacted in the oesophagus 
was brought forward at the Clinical Society of London on 
June 22, 1897, by Mr. Bowlby. The patient, a boy three and a 
half years of age, was under the care of Mr. Howard Marsh. 
He had been under observation for five weeks, during which 
time he showed no symptoms beyond occasional sickness. A 
radiogram taken by Messrs. Allen and Hanbury (page 104) at 
once revealed the presence of the coin, a halfpenny piece, lodged in 
the gullet at the level of the second dorsal vertebra. Removal was 
ultimately effected by means of a catch carried within a gum elastic 
catheter. 

Dr. Mayo, of Rochester, U.S.A.,* has reported a case where an 
open buckle was shown by the radiograph to be impacted in the 
gullet of an infant. The buckle lay behind the upper part of the 
sternum, with its teeth projecting upwards and to the right. A 
left (Bsophagotomy enabled the surgeon to remove the foreign body 
})y means of a bent probe. The chief point of interest was that the 
position of the teeth would have effectually prevented the pulling 
upwards of the buckle. The danger of attempted extraction by 
curved forceps would obviously have been great. 

Professor White, of Pennsylvania, had a child, two years and 
five months old, brought to him with an obscure history of 
dysphagia and vomiting. The Rontgen rays showed a cruciform 
toy known as a * jackstone,^ impacted in the oesophagus on a level 
with the space between the second and third dorsiil spines, a 
little above the bifurcation of the trachea. The object was in 
the shape of a Maltese cross, with an additional bar at right angles 
through its centre. As it could not be extracted by the mouth, 
gastrotomy was performed, and the * jackstone ^ dmwn down into 
the stomach and removed. 

Mr. George Heaton, of Birmingham, has recordedt two in- 
teresting cases of coins that had been impacted in the gullet for 
a considerable time, but gave little evidence of their presence. 
In one case the foreign body had been swallowed three months, 

* North' Western Lancet, March, 1897. 

t British AfedicalJaumal, June 4, 1898, p. 1449. 
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and ill the other forty days previous to detection by the rays. One 
patient took aolida and fluids freely, the other fluids only. 

Among numerous other instances, the following may be 
selected. l>r. Bliss* found an iron staple au inch long, with two 
sharp points, so fixed in the gullet that the UHe of a probang 
would have still further impacted the foreign body. Removal 
eould not bo effected by curved forceps until the exact position of 
the atiiple and the direction of its points had been localized by 
means of the Rontgen rays. 

In this claas of cases the importance of the Riintgeu rays can 
hardly be overestimated. As every surgeon knows, the difficulty 
of locating is often extreme. Undetected foreign bodies in the 
gullet have been treated for pulmonary phthisis, croup, catarrh, 
asthma, and so on. Wallace of Edinburgh baa recorded a case 
whLTe-a plate bearing six artificial teeth could be located only 
after re]>eated negative attempts with the (esophageal olivary 
bougie and 'coin-catcher.' A low u'sophagotomy proved a failure, 
and gastrotomy was finally required. 

White has suggested the combined use of instruments, as the 
curved forceps, with the fluorescent screen. A similar suggestion 
hoa been made by Mr. T. L. Gillanders, M.B.t After failure to 
find a bullet in a hand, where it had been shown by the rays, be 
removed it by observing its relative position to the bullet forceps 
upon the fluorescent screen. The first negative result was due to 
the fact that the bullet bad become flattened against the bone, 
and was bound down tightly by the powerful flexor tendon. 
Mr. C. G. Burton, of the Xorth Eastern Hospital for Children, 
London, has recorded another interesting case of a coin thus re- 
moved {Bntish MeJiail Jmuiml, April 1, 1899). 

Foreign Bodies in Abdomen 

So far as the abdomen is concerned, coins and other foreign 
lK>dies have been located in the case of children. The importance 
of exact information of this kind will be at once recognised 
by those whtj ai-e familiar with the needs of abdominal surgeiy. 
The results of ray work, when applied to the abflomen in 
adults, have for the most part been either unceilain or negative. 
However, a good definition iif intestines anil other abdominal 
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organs can be procured in the case of small lower animals, and 
also of children. In the face of such facts it may be confidently 
anticipated that before very long it will be possible to obtain 
satisfactory ray pictures of the abdominal viscera in the adult 
human subject. From time to time different experimenters have 
succeeded in obtaining an obscure record of intestines. The 
present writer has such a result in the shape of a photograph 
taken in the summer of 1897, which shows a faint, but discernible, 
tracing of colon, of loops of small intestine, and of the sigmoid 
flexure of the rectum. The patient from whom the radiograph 
was taken had signs of chronic intestinal obstruction. On the 
chance of localizing the lesion, he was given bismuth in lO-grain 
doses thrice daily for over a week before the abdomen was 
examined by the rays. 

The advantages of localization of foreign bodies in the intes- 
tines of adults need hardly be pointed out. Numerous possi- 
bilities will readily occur to the mind of the medical reader, such 
as the detection of a forceps or other instrument inadvertently 
sewn up in the abdominal cavity. The passage of a Murphy's 
button through the bowel has been repeatedly demonstrated. 
The knowledge of the progress of a foreign body through the 
intestinal canal not only guides the surgeon in his prognosis, but 
must also afford great relief to the anxiety of the patient and his 
friends. 

Foreign bodies can be detected in the pelvis, either in the 
rectum or the bladder. Calculi in this and in other parts of the 
abdominal cavity will be discussed in another part of the book 
(see p. 117). 

Foreign bodies can be readily detected in the stomachs of 
children. The same thing has also been now and then accom- 
plished with adults. Thus, Dr. Scott of Kansas has published 
the following interesting case, accompanied with a Rontgen 
photograph : 

* Radiograph of abdomen of ostrich-man, Mr. G. W. A\Tiallen, 
taken by Dr. E. Von Quast. The dark mass on the left side of 
the picture contained 116 different pieces of metal and a handful 
of glass. Patient operated upon, June 8, 1897, at German 
.Hospital. Occupation, showman ; 26 years old. Median gastro- 
tomy. The following foreign bodies removed : 3 ounces glass, two 
pocket-knives (one a Varlow 4^ inches long, the other a four-blade), 





' Articles docs not show, as they weru all rolled up in » I'lmiul 
Patient emaciated from want of food, as ho could not cat 
' anything for ahout a week Iwfore operation. Foreigti bodies hod 
I leen in stomach for two or three weeks. After operation the 
V Btomacb was closed by interrupted and Lembert sutures. Death 
fin forty-eight hours from enteritis and exhaustion. There had 




I' 
ostrich-niaii. Immediately after the photograph was taken the 
patient removed the watch by nieanu of the attacheil chain. 
Both watch and chain stand out in dark shadow upon the leas 
dense record of the heart and spine. In the lower part of the 
course the chain heiids slightly towards the left, thus following 
the direction of the i.esophagus. The subject of this experiment 
was in the habit of swallowing wadded cartridges, tacks, money. 
• Ameriaiii X-Ra;/ Jo'inial, Julj, ISBS. 
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rews, and other aolid articles, at public performances. He 
staled that as a rule he passed metallic bodies in twenty-four 
hours. A failura in the latter respect appears to have led to an 
accumulation and futal result. 

Dr. White has suggested* that in auitablo cases the presence 
of a foreign body in the stomach coidd be demonati-ated by 
moderately distending that organ with a harmless opaque fluid, 
like lime-water, and observing whether or not the body dis- 
appeared from view. 

Lindenuan suggests the outlining of a dilated stomach by 
I of a soft stomach-tube armed with a flexible metal style. 
L relative landmark on the abdomen is ubtJiiiuicl by fixing a small 

n to the umbilicus. 



Foreign Bodies in the Eye 

I The Kontgen my exploration of the eyobull, buried, so to speak, 
p a dense Iwoy socket, was in the early days of Kontgen work 
tended with insurraountalile diffieulty. Now, however, it may 
t readily perfonned by the use of a tube of good penetration 
i definition, and in some cases yields results uf great value. 
» early in the history of the method as March, 1896, i'ro- 

Duyse communi- 
I some interesting experi- 
to the Medical Society 
Oand. He introduced a 
Wt into the eye of a rabbit, 
puahetl it up behind the 
I towards the centre of the 
lens. He then, with the aid 
of a local anieathetic, produced an exophthali 
under the protruding eyeball a small sensitive plat 
L wi extremely sharp shadow, is shown in Fig. 47. 
An impoi-ljint point is that the foreign Ijody 
letected by the ophthalmoscope. 

This second picture (t"ig- 48) shows a pellet and 
leail introduced into the efjuntor of 



from the body. 
^^_ ft shadow of m 

1^ 



His main conclusii 
lallic bodies lying 

• Ikul. .\M. Il'ocl.., Aj.nl, 




* fragment of 

after removal 

8 as follows ; ' To obtain 

the anterior chamber, it 




will suffice to place, in the inner angle of the liiJa, a small 

sensitive pluto or film of which one of the corners bae been 

rounded, and to turn on the x-raya from the temporal side.' 

For the use of lioth the above illustrations the writer is 

indebted to the courtesy of I>r. Van Duyse. 

Many cases have been reported of the detection by the rays 

of foreign liodies in the living human eye. 

I>r. Leukowitsch,* one of the early workers in this direction, 

obtained good results in sheep's eyes with two tubes, but found 

it better to use one tube and take two views. 

For the liviiit; humuu eye he used small semicirculai' sensitized 
plates, as that shape allowed 
the largest possible area to be 
inserted at the inner angle of 
the eye opposite the lachrymal 
bone. By rolling the eye in- 
wards or outwards, a large 
jiart of the globe eoidd be 
brought within range of the 
rays. Rotation, however. 

I, - - ^^b riTidercd a fixing-point ueces- 

t ^^B --' siiry. This he obtained by a 

,'.-■. . ' . '■ ^\ j;la8s indicator, l>ent twice at 

Fio. *8,-fBLLci AM, KnA,>MKNr OF '-'ght -^"gles, With a short 
Lead in Hi'«as Ete- straight terminal placefl so as 

Van Duyne. ^ p^j^^j. g^^ptjj, t^ tr(,e antero- 

posterior axis of the centre of the cornea. In this v&^ he 
obtained localizing radiogiums of a foreign body (a sequin) placed 
on the conjunctiva of bis own eyeball. 
In February, lt*97, two cases of steel fragments 
I 




In February, lt*97, two cases of steel fragments in the vitreous 
humour were brought before the Ophthalmological Section of the 
College of Physicians, Philadelphia, by I>ra, Oram King and 
Han sell. The latter gentleman mentioned anothec instance 
imimicated to him verbally by Dr. de Schweinitz, who found 
a foreign body by the rays, and afterwards extracted it by 
the Hirschberg magnet. Itr. Hansell, in a communication to 
The Ji/amal, Philadelphia, observed : ' Thus it will be seen that 
the bony walls of the orbit and the coats of the eye are permeable 
to the rays. By comparison of the shatlow of the metal with that 
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I- of the margin of the malar process of ihe superior maxillary bone, 
I uid the knowledge of the relation of the Crookes' tube to the 
I sensitive plate, the location of the foreign body can be closety 
[ estimated.' 

r>r. Stem, of the Philadelphia Polyclinic, howei-er, claims by 
I ftu original method to have succeeded six times in demonstrating, 
I by both Hiioroseope and radiogram, foreign bodies iti the eye, 
L nndiscoverable by other . means. In each instance he reported 
1 subsequent removal by ophthalmologists. Before he detected 




I tbe fragment in the caee of Dr. de Schweinitz's patient, the eye had 
iKtuaUy been cut down upon once, and the magnet applied three 
I kimeB with negative resnltB. 

Good recoi'ds of small shot and fragments of wire introduced 
I into orbits were obtained by DahlefeJd and Pohrt,* Their plan 
D plai.'c the sensitive plate against the temple of the 
I side, and to place the focus tube at a distance of 10 to 
J 15 millimetres distant from the opposite temple. Then came 
I the stage of exact localization, which in certain cases has 
• D*vi. Mtd. Wixh., No. 18, 1897. 
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rendered the ^rays invaluable to the ophthalmic eurgeoD. In 
America, Dr. Sweet- and Dr. Kibbef appear to have led the way ; 
and Dr. Sweet took Kontgcn photographs in one or more of 
Dr. Hansen's castsa whero extraction followed. Dr. Leonard's 
method was published in April, 1898,; two months later than 
that of Mr. Davidson in England. g 

An excellent account of Mr. Ti-cacher Collins, of the Kontgcn 
rays in relation to ophthalmology, was published in the Pmi- 
tUumrr for August, 1898. He descrilies Dr. Sweet's method 
thus: 

'Dr. Sweet fixes to the patient's head iin " indicating apparatus," 




carrying two steel rods, each with a rounded ball at the end. 
These lalls are placed at a known disUnce from the eyeball, one 
pointing to the centre of the cornea, the other to the external 
canthuB, both parallel to the visual line and perpendicular to the 
plate. 

' From the relation of the images of these halls of the indicator 
to that of the foreign body in the skiagraph he is able to work 
out, on a horizontal and vertical diagrammatic section of the 
eyeball, the approximate position of the foreign body. 

• Tram. Amer. Oi-htli. Soc., vol. viii., p. 88, 1897. 
■f Arthif. ',}' Vphlh., vuL xxvi., p. 617. 18B7. 
t Philnddpkia ilediml Jiruntal, FeUraary 6, 1898. 
I Britiih Molical JouraaJ, April SB, ISSS. 
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■ In a patient of Dr. W. Thomson, of Philadelphia, who had 
received an injury to the eye eight months previously, Dr. Sweet 
predicted that the piece of steel would be found below the 
horizontal lice of the eyeball, to the temporal side of the vertical 
one, and 20 millimetres from the cornea. The foreign body was 
subsequently removed by operation from the position indicated.' 

Mr. Davidson applies the photographic plate, fixed in an 
angular rest, to the temple on the affected side of the patient, who 
sits upright. A loop of lead wire is fixed by sticking-plaster to 
the edge of the lower hd, opposite a known point of the eye ; the 
point of this wire, projecting upwards, forms the landmark from 
which the position of the foreign body is calculated. The patient 
is directed to gaze steadily at a distant object in an asis parallel 
with the plate — that is, straight in front — and two exposures are 
raade on the same plate with the tube in diOerent positions on 
the sliding bar. Localization is made from the resulting pbotO' 
graphic records in the manner already described, and has now 
been suecessfuliy applied by many ophthalmic surgeons. 

Mr. T. Collins, at a meeting of the Ophthalmological Society on 
January 27, 1898, described a series of cases in which the above 
method had beeu used. In none of ihem could the presence of a 
foreign body have been determined from the clinical appear- 
ances. In two of the cases the chip of steel was subsequently 
withdrawn by the introduction of an electro- magnet in the 
direction in which it had been ascertained to lie. The size of 
one of these bits of steel was practically the same as had been 
estimated by Mr. Davidson previous to its removal. In another 
case, the eye being quiet, and two and a half months having 
elapsed since the injury, operative procedure was not thought 
justifiable. In a fourth case the eyeball was removed, and 
dissection showed the foreign body to lie in the position and be 
of the exact si/e predicted. 

In taking these objects, often very minute, the tube must emit 
the rays from a small point on the anti-kathode, and the exposure 
must be short — say a minute to a minute and a half. The method 
may be illustrated from the following reports of actual caaes 
where extraction was successful : 

I. ' A chip of metal situated 3 millimetres external to a piece 
of lead mre previously fixed to the lower lid, 7 miUimetres 
upwards from it, and 4 millimetres backwards. On working this 
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ou:, i: lea :o tie t:r.cl -=-.:=. iLki *!= fir^is^ ccct was in the 
lf;L=s. direcuv beii- i :•:* iis&^Ii-ireti stci :i. '^ iris." 

in leL?:L, and locaicd :i5 lower e-i &5 siTZftsaa 5 snllicieties 
invrards. and 4 -.iliineire^ -pwiris, fr:=L & lc*d-wire pcunter 
placed on the lower lid.' 

'5. ' He was able lo df^^zse the trc^erce cf an exceedingly 
small chip of i::etal less ihai: I ciUimeine in diameter i in the eye. 
He further locaied it -j rr.iiM.T.eires atcre. and 1 millimette to the 
nasal side of, a pointer pl&ced opposite a known point on the 
lower lid, and at a depth of o millimetres from the snziaoe of the 
cornea. These measareinents, worked out on the schematic eye, 
showed the foreign body to be situated in the lens, opposite about 
the centre of the outer half of the cornea.*'* 

The advantages of the method in ophthalmic surgery have been 
excellently sumined up by Dr. Collins as follows : 

1 . They enable us in doubtful cases to determine the presence 
or absence of a metallic foreign body in the eye. With a good 
apparatus properly used, a piece of metal less than a millimetie 
in diameter can be detected in a skiagraph. 

2. The exact position in the eye of a foreign body can be 
located by the method, which allows of the procedare which will 
most facilitate its removal to be deliberately planned, so that a 
minimum disturbance of the tissues of the eye is brought aboat. 

3. The same method allows of the exact size of an unseen 
foreign body being ascertained, and of the size of the incision 
necessary for its removal being determined. 

4. This method enables us to say whether or not a foreign body 
which has entered the eye has passed through it into the orbitij 
tissues or remained in the eye, a point sometimes left in consider- 
able doubt as the result of clinical examination. For example, it 
is by no means uncommon for a foreign body entering the front 
part of the eye to pass through the vitreous, strike the retina, and 
rebound into the anterior and lower part of the vitreous. In such 
a case, if the lens is not wounded, the foreign body may be 
invisible ophthalmoscopically, and the mark left where it struck 
the retina be taken for the aperture of exit of the foreign body. 

'0. The unsuspected presence or the absence of more than one 
foreign body may be demonstrated. In one case of Mr. Wray's 

• lirithh AfedicftlJoHrnnl/Axigust 20, 189S. 
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renil foreign bodies were ehDwn sca.ttered about in tlie orbital 
tissues, the eyeb&ll haviog escaped injury. 

In March, 1S97, Beuedikt* showed a radiogram of a man 
who had been injured in the right temporal bone several years 
previously. Since then his vision had gradually decUned, 
together with the occurrence of retinal detachment. The onset 
of pain led to a radiographic exploration, which revealed a sharp 
body penetrating the orbit tcoia the neighbourhood of the 
zygoma. 

The humours of the eye appear to be somewhat resistant to 
the rays, and the crystalline lens markedly so, while the retina is 
a to their vibrations. 



Calculi in Various Positions 

The detection of atones in internal organs, closely connected 
with the subject of foreign bodies, is likely to become an important 
branch of radiography. Under present methods, however, results 
are still more or le^s uncertain in the case of renal and biUary 
concretions, and not altogether certain in those of the urinary 
bladder. For all that, stoue has been shown by the radiogram to 
exist in the gall [touch, in the urinary bladder, and in the kidney 
of the adult living human subject. 

So far as the opacities of the various calcuH are concerned, 
both Neisser and Petersen have demonstrated that while choles- 
terine concretions are almost transparent, those of phosphates 
and urates are opaque to the rays. From these premises they 
concluded that it would be impossible to detect gall-stones by 
the rays, yet stone in the bladder and the kidney might be 
thus demonstrated. As already stated, this theoretical conclu- 
sion has been more or less upset in practice. Thus, a plate shown 
to the writer exhibited a faint but unmistakable shadow of a 
gall-stone. The image was too faint to print, but, as often 
happens with objects translucent to the rays, could be distinctly 
recognised on the negative. Such evidence, however, is of value, 
and. so far as one can Jiidt;e, is all that is likely to be forthcoming 
for a time in the case of biliary calculus. 

Messrs. Laurie and l.eon, in a paper in the Lancet, January 16, 

1897, published results ol experiments showing that calouU of 

oxalate or of phosphate of lime were more opaque than bone, 

• Jfalic'l Press and Ciirular, April 7, 169". p. S.''9. 
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uric acid of almost the same opacity, and gall-stones very 
slightly more opaque than flesh. They thus substantially con- 
firmed previous results arrived at by Mr. Henry Morris. Experi- 
ments upon gall-stones have been reported by Messrs. Neisser, 
Goodspeed, and Cattell,* and many others. 

In France Messrs. Ghapuis and Ghauvel at an early date 
studied kidney calculus in relation to the rays. They concluded 
that stones composed of uric acid, urates, and phosphates were 
little less opaque than bone. Those composed of many layers 
and of unequal opacity proved by analysis to consist of uric acid 
nuclei covered with layers containing phosphates. They found 
the kidney substance less penetrable than muscultir tissue, so 
that the kidney appeared as a light patch on the negative (dark 
in the print). 

In a radiogram of a removed kidney a stone shows as a dark 
body. Many excellent examples of this sort have been published 
from time to time.t 

To Dr. Macintyre, of Glasgow, belongs the distinction of having 
obtained the first focus-tube record of a renal calculus in situ,X 
It appears that he had failed to demonstrate any concretion in 
half a dozen cases where stone in the kidney was suspected. 
Undeterred by these negative results, however, he tried the 
Hontgen rays upon another patient who had been previously 
operated upon for the malady in question. Thereupon, with a 
6-inch spark and twelve minutes* exposure, he was rewarded by 
a clear record on a Paget XX XXX sensitive plate. ' In this 
instance,' to use his own words, ' at the correct situation, a 
picture of an obliquely-placed elongated deposit was obtained.' 
From his reading of the result. Dr. Macintyre inferred the 
presence in the kidney of a stone, but not a well-formed one. 
The correctness of his inference was subsequently proved by 
Mr. Adams, of Glasgow, who, on operating, found at the bottom 
of an old cicatrix an ill-defined mass, which he removed with a 
spoon. 

Messrs. Leon and Laurie, in the paper above referred to, 
obtained a ' faint but distinct image ' of a stone introduced into 
the urinary bladder of a cadaver. They made an exposure of 

• Medical News, February 15, 1896. 

t See plate in Morton's • X-Ray,' New York, 1896. 

X Lancet for July 11 1896 
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thirteeti minates with a 6-incb spark, the body lying on its back. 
It is noteworthy that in their experiment the spine itself was 
very faintly indicated. 

The same experimenters obtained a record of a stone in the 
living subject, a boy eight years of age, after an exposure with a 
6inch sp&ik of seven minutes to a XXXXX Paget plate. The 
stone was removed a few days later with a litbotrite by Mr. 
Silcock. A collotype of this calculus, which appeared to be a 
little over an inch in diameter, was published in the Lancet. 
Subsequently another stone was demonstrated in the bladder of 
a boy of fifteen. 

Dr. James Swain, of Bristol, lias made some important obser- 
vations on the subject. He exposed on a single plate various 
kinds of calculi of nearly uniform thickness to the rays for periods 
of one, two, four, eight, and sixteen minutes. He found the 
general law laid down by Erintgen, namely, that the denser the 

5 object the deeper the shadow, did not apply exactly to these ex- 
periments. Arranged in the order of the highest specific gravity, 
the greatest permeability to the rays, and the greatest density of 
the shadow, the results are : 
Dr. Swain exposed each of the above kinds of CEiiculi, together 
with a piece of human rib and a portion of kidney. With each 
tnorease of exposure the shadows became fainter, until at length, 
after an exposure of sixteen minutes, only the oxalic acid and 
phosphatic calculi, with the merest trace of rib, were to be seen. 
The important deductions are that a short exposure may give a 
better result than a long one, and that an oxalate of hme calculus 
will be much easier to detect than one of phosphates or of uric 
acid. If the exposure be too long, some of the less dense calculi 
will disappear altogether. 

The uric acid calculus in an eight minutes' exposure gave a 
Ibbb dense shadow than that of rib, and much less, again, than 
ttiat of a piece of rib covered with kidney. The extreme difficulty 
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of diagnosing uric acid calculi by the Eontgen method is there- 
fore obvious. 

Prolonged exposure caused a ' denser ' negative. Objects that 
could not be printed were still visible to the eye. Hence it is 
always desirable to study the negative to avoid missing shadows 
not evident in the print. This observation was applied by Dr. 
Swain to a case where a patient was suspected to have a stone 
in the kidney. The a*-ray negative showed a distinct shadow 
in the region of the left kidney, but no satisfactory print was 
obtainable. This result was taken as confirmatory, and a sub- 
sequent successful operation removed a stone half as large as a 
walnut. In this case it is important to note that the shadow 
given after an exposure of thirty-five minutes was not very deep, 
but with an exposure of twenty minutes the presence of the 
calculus was made abundantly clear. In this case the radiograms 
were taken with a coil capable of giving a spark of 19^ inches, 
worked at about half its full strength. The focus tube was placed 
about 12 inches from the body.* 

Messrs. F. Taylor and Fripp showed a case at the Clinical 
Society of London.! An operation had been performed before 
the a:-rays were tried. The kidney was found high up, and as 
no stone could be felt, it was left unopened. Later a stone high 
up under the ribs was shown by a Rontgen photograph. A 
piece of rib was resected a week after the first unsuccessful 
operation, and an atrophied kidney containing a fair-sized stone 
was removed. 

An excellent case of successful focus-tube photography of a 
renal calculus has been published by Dr. F. H. Low. The patient 
was a slight-built youth aged twenty, and the stone, which Mr. 
Swinford Edwards subsequently removed by nephrolithotomy, 
was found to weigh nearly 2 ounces. 

Dr. Low has kindly furnished the following details : The coil 
used was a 6-inch, working at a 5-inch spark. Tube of medium 
resistance and shifting cathode pattern (Watson). Plate, Cadett 
lightning ; development by hydrokinone and metol, subsequently 
intensified. Distance of tube from plate, 14 to 15 inches. Dura- 
tion of exposure, seven minutes (much the same result obtained 
with nine minutes). No precautions taken to restrain respiratory 
movements. 

* Bristol Medico-ChirurgicalJournal, March, 1897. t Lan4:d, April 30, 1898. 
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Alaberg* reported a case where the aigns and aymptoma of 
renal calculus left the diagnosis doubtfal. The rays, however, 
showed a sharply- defined shadow, 3'5 centimetres long, 2-25 
centimetres wide, between 3 and 4 inches above the crest of the 
ilium. The presence of a smaller group of stones was also dis- 
closed. A large stone weighing over 2 drachms was subse- 
quently taken from the pelvis of the kidney, while from 
a cftlys at the lower end of that organ a collection of seven 
small stones was removed. The calculi were of oxalate of 
lime. In this instance not only was a doubtful diagnosis 
cleared up, but important indications were also afforded to the 
operator. 

The present position of the Bontgen rays in regard to stone 
in the kidney and the bladder is distinctly encouraging, and may 
be illustrated hy Dr. Blacker'a experiences for 1897 in the j:-Ray 
Department of St. Thomas's Hospital. ' Among the examina- 
tions,' he writes, 'included under the heading of medical and 
Burgical diseases were those of suspected calculus, both renal 
and vesical. Of the former there were seventeen cases, in eleven 
of which the result of the examinations was negative, although 
one case a very large calculus was sulisefjueotly removed, 
and in another a mass of small calculi; in the remaining six 
an opinion was given that a calculus waa probably present, 
although in no case could it be definitely stated that one existed, 
I jBO that it would seem that in no doubtful case is it wise to omit 
I the precaution of an .r-ray examination. . . , With vesical calculi 
I the atone was clearly defined, '+ 

The writer has obtained a curious result in a tall atout female 
I patient under his care, who had suffered for many years from an 
' innocent tumour of uncertain diagnosis, apparently connected with 
the kidney. There were signs of pressure on the gall-bladder, 
inferior vena cava, aud intestines. After many attempts, a diffuse 
shadow of the tumour showed it to be unconnected with the 
gall-bladder. At length, with the plate in front of the loin, and 
an exposure of six minutes with a 12-iuch coil, the tube bein 
20 inches from the plate, a photograph showing fine detail was 
obtained. In the absence of the confirmatory evidence afforded 
, by operation, and in view of the great difficulty of interpretation 




122 THE RONTGEN RAYS IN MEDICAL WORK 

of the radiogram, the author has determined to postpone publica- 
tion for the present. The tumour could be felt from the front of 
the loin. 

Mr. Hurry Fenwick applies a specially-constructed fluoroscope 
to detect the presence of small, deeply-placed stones in the 
kidney. As a preliminary step, the kidney is brought out on 
the loin, and the room must be darkened for the screen examina- 
tion.* 

The original of plate 32 was kindly furnished the writer by 
Mr. Davidson. It shows very clearly a uric acid calculus in the 
urinary bladder of a living male, twenty-eight years of age. The 
size of the stone was estimated at 3 to 4 col, and its actual 
diameter when removed by Professor Ogston turned out to be 
3*2 cm. The apparatus used was a 10-inch spark coil of Apps. 
During exposure the patient lay on his belly, and a remarkable 
print of the scrotum appears on the plate. This phenomenon is 
attributed by the operator to the moisture of the parts having 
penetrated the two folds of sateen cloth which covered the plate 
and moistened the gelatine film so that the cloth slightly adhered 
to and impressed the film. To obviate similar occurrences, which 
he had noted more than once, he has since used waterproof 
paraffined paper for covering the plates. It is open to some 
question if this interesting phenomenon is quite so easily 
explained, for warmth, pressure, and electrical action might be 
one or all involved. 

In the foregoing case the patient, as already stated, was on 
his belly, so that the stone, which lay loose in the bladder, was 
brought near the plate. The rays were then passed obliquely 
through the lower outlet of the pelvis, so as to fall obliquely on 
the recording surface, the tube being placed below the buttocks. 
In children, and also in suitable cases in adults, a good result can 
be obtained by placing the focus tube close to the sacrum, with 
the patient on his face, and taking the photograph through the 
pelvis. 

It seems tolerably certain, then, in the light of what has been 
already done in this important branch of surgery, that the 
demonstration of all internal calculi of any size in the adult 
will sooner or later be within the power of the Rontgen ray 
operator. At present it is difficult or impossible to obtain any 

• British McdicalJaurnalf October 16, 1897. 
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^ BBtistaetory results ia the ca3Q of stout perBons, acd the operator 
f who undertakes such eases must be prepared for disappoint- 



11. BONES 
(a) General Remarks 

The following experirnect was devised by the author with a 
view of ascertaining to what particular element of bone the 
Rontgen ray shadow o£ bone was due. Three small bones were 
taken from just above the hoof of a sheep; the first was left 
in its natural condition, the second decalcified hy soaking for 




Flo. 61.— Thbke Small Bones v 

IN CbNTBE, DEfALCIFIKD; 01 

Heat). 

several days \a dilute hydrochloric acid, and the third calcined 
in a furnace. The three bonee thus prepared were placed aide by 
side on a sensitive plate, and subjected to the rays, with the 
result reproduced in Fig, 75, The normal bone on the left affords 
a, standard for relative comparison ; the centre or decalcified one 
casts a much fainter shadow ; and the calcined one on the right 
yields a photographic record aa dark as the normal bone, hut 
^^ sharper and clearer in detail. It should be noted that the process 
^^^<of decalcification was not completely carried out, so that some of 
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the shadow in the centre bone, especially in its lower portion, is 
doubtless due to lime salts that have not been entirely removed 
by the acid. This simple experiment seems to show that the 
main part of the shadow thrown by bone is due to its contained 
lime salts. 

The opacity of bone to the BOntgen rays is much greater than 
that of the neighbouring soft tissues — a fact doubtless due to the 
earthy matters which form three-fourths of osseous structure. 
This quality enables us, by means of the * new photography,' to 
obtain a sharply-defined shadow of most of the bones of the 
human body. Where the latter lie in a single layer, and the 
soft parts around are comparatively thin, as in the hand, a record 
can be quickly obtained upon either the screen or the sensitive 
plate. But in the pelvis, where the parts are thick and the bones 
more or less overlapping, the resulting photograph is obscured. 
In the case of the head, each half of the skull is more or less 
recorded on the plate, so that a blurred picture of double shadows 
results. For all that, the surface next the plate is always the 
more sharply recorded, so that indications of the utmost value 
are often obtainable from Bontgen ray examinations both of skull 
and of pelvis. 

Bone being relatively opaque to the rays, it follows that any 
break, whether in continuity or in outline, and any abnormal 
position in relation to joints, will be readily detected by means 
of the Bontgen methods. As a matter of fact, not only are frac- 
tures and dislocations indicated in this way, but also many other 
pathological states, such as exostosis, caries, altered density, and 
the formation of callus. The surgeon, indeed, when called upon 
to deal with injuries and diseases of bone, will find himself 
furnished with an entirely new weapon of accurate investigation. 
Instead of long and painful manipulations, often ending in 
nothing better than a suspended judgment, he will in many 
instances be able after an appeal to the rays to give a definite 
diagnosis and prognosis. Such results, it should be noted, may 
be obtained without causing the patient a moment's additional 
pain, and without taking off splints (if non-metallic), bandages, 
or dressings that may have been applied. 

In order to read his results aright, the surgeon should make 
himself familiar with the radiographic appearances of bone, both 
in a healthy and in an abnormal state. A workman's hand. 
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injured many years previously in a machine acoident, is portrayed 
in Pig. 53. The hand, it may perhaps be pointed out, is the right, 
and not the loft, as might be at first imagined by anyone un- 
familiar with tlie process. The reason is that the photograph is 
taken by transmitted and not by reflected light, bo that we have 
on the sensitive plate the record of a shadow, and this is reversed 
in the process of printing. Owing to d on -recognition of this fact 
by the surgeon, the wronf; hand is said to have been actually 
operated upon. Healthy hone appears as a dark shadow with a 
more or less well-defined outline, and where it in thinner and 
more spongy, as in the boBses projecting sideways from the distal 
ends of the uietacarpals, and in the small sesamoid bone below 
the metacarpo-phalangeal joint of the thumb, the image is fainter. 
The joints are indicated by clearly- marked light intervals between 
the bones, where the rays have penetrated the intervening arti- 
cular cartilages. 

A point worthy of passing notice is that the sesamoid bones of 
the hand often show as well-defined spots, the size of small shot, 
through the distal portions of one or more of the metacariial 
bones. In that position they have been mistaken at times for 
a pathological condition. The sesamoid over the metacarpo- 
phalangeal joint of the thumb ia usuaJly taken in profile, and, 
falling clear of the thumb-bones, presents a sharp picture. Dr. 
Clendinnen, of Melbourne, has published a Rontgen photograph 
of the mummied hand of a nobleman's wife, aged twenty-five 
years, entombed at Memphis n.c. 1.50U.* No less than five 
sesamoid bones are shown — one over each of the metacarpo- 
phalangeal joints of the index and little fingers, two at the 
metacarpo-phalangeal joint of the thumb, and one over the 
ungual phalanx of the thumb. As to the last-mentioned. Pro- 
fessor Allen states that he has never found or heard of a similar 
abnormality in modern skeletons. A number of instances of the 
kind, however, have been collected and brought to the writer's 
DOtice by Mr. Frederic Fenton. 

As to the abnormal hand. Fig. 53, the reader will do well to 
study it carefully in detail. The phalanges of the three remain- 
ing fingers are enlarged and dark, while the usual gaps between 
the end joints of the middle and ring digits have disappeared. 
The moat likely reading of these recorded facts is that the fingers 

• Inierfolonial MiiUcil Ji.urml «f Austrnlanin, Fplirimry 20, ISPS. [i. lO'i. 
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have been affected with chronic 08teo*arthropathy, which has 
enlarged the bones and obscured or obliterated some of the joints. 
As regards pathological conditions, the following appear to be 
probable : 

1. Old greenstick fracture (thumb metacarpal). 

2. Malunited fracture (right angle, second metacarpal). 

3. False joint (this may possibly be bony union ; third meta- 

carpal). 

4. Impacted fracture (bony union, fourth metacarpal shaft). 

5. New articulation (fourth metacarpal base). 

6. Bony anchylosis (distal end fifth metacarpal and first 

phalanx of fourth). 

7. Fibrous and partially osseous anchylosis (base fourth and 

fifth metacarpals). 

8. Dislocation (multiple, carpus). 

9. Compensatory curving of bones (twisted index finger). 

10. Bone hypertrophy (various bones). 

11. Obliterated joint (terminal joints second and third fingers). 

12. Arrested development of distal epiphysis of first phalanx of 
middle and ring fingers. 

One or two of the above explanations, especially in the absence 
of a careful examination of the hand itself, are perhaps somewhat 
open to an alternative reading. 

{h) Fractures and Dislocations* 

It is in these injuries, especially when obscure, that the 
Bontgen methods render invaluable and often brilliant results. 
For example, they are available when the surrounding parts are 
too swollen to admit of examination by ordinary methods, or 
when the manipulations of the surgeon cannot be borne by the 
patient. 

The objection has been made by some surgeons that the rays 
reveal nothing that could not be equally well learnt by other 
methods. To this it may be answered that not a few bone 
injuries occur in which it is impossible for any man, however 
skilful, to make an exact diagnosis — at one time, it may be, owing 
to the swelling and tenderness of parts, and at another to the 

• This section has Ikjcii kindly revised by Mr. Lynn Thomas, F.R.C.S., of 
Cardiff. 
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obscurity of the signe. Uuder auch adverse circumBtances precise 

evidence niay be obtainable fortbwith from the Bontgen screen 
or photograph. Moreover, the gain of this particular form of 
investigation does not end with recovery. In cases of accident 
likely to como before a jury, the proof alTorded by a photographic 
record of a bone condition may one day win a civil action, or 
vindicate the scientific repntation of the medical attendant, two 
points that will be referred to again under the heading of juris- 
prndence. Further, if the progress of a fracture be unsatisfactory, 
the surgeon can hardly be doing his dutj- either to himself or to 
his patient if he neglect the possible assistance to be gained from 
a Riintgen photograph. Some medical men scout the idea of 
calling in the services of a professional photographer to help 
them in arriving at a diagnosis. If that line of reasoning were 
sound, it would equally prevent physicians from weighing a 
patient because the scaling chair is the work of a professional 
balance -maker. In a similar way it would preclude them from 
sending throat secretions to a biological laboratory to be tested 
tor the presence of the diphtheria bacillus, or from using the 
microscope, the stethoscope, the phon endoscope, and the rest of 
the hundred and one aids to accurate investigation sold by the 
instrument-makers, 

The surgeon should bear in mind that iodoform, bismuth, and 
some other metallic dressings are opaque to the rays, eib well as 
lead lotion and the various kinds of adhesive plaster that have 
a lead basis ; but we have it on the testimony of the medical 
department of the Soudan Expedition that, although such eCTects 
injure photographic results, they do not seriously uupair the 
evidence afforded to the surgeon. 

Splints made of felt, pasteboard or wood are translucent, while 
those made of metals, except aluminium, are of course opaque. 
Plaster of Paris is dense, but a photographic record can be 
obtained through such a splint by using a focus tube of high 
penetration ; in which case the resultiug photograph is apt to be 
mottled and patchy, owing to the varying thickness of the 
plaster. A good substitute for plaster is the handy ' water-glass ' 
or silicate of sodium splint, which is translucent to the rays, and 
may be used conveniently where it is intended to take a Rcintgen 
photograph during the progress of any particular case. 

Nowhere is the necessity for comparative photographs more 
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evident than in the case of obscure fractures. A alight pecu- 
liarity of the individual bone may be exaggerated into a patho- 
logical guise by the peculiar relative position of the tube, by the 
rays falling obliquely on the plate, or by an awkward attitude 
of the patient. In one case of alleged old-standing fracture of 
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Kiu. £a.— LvxN Thumas's IJistortios Exj'KIUHent. 
(Six spBcimeiiB of ulns with the bnaea or their itjloid prooesses sawn through, 
iiut not dtrUched, with a fret-aaw. On the riaht is a radian nitli six lisaurM, 

□lode by the same fret-saw, through its ulnar nisigin.) 

the external condyle of the humerus, the reading of the Bontgen 
photograph itself, without another of the sound elbow taken under 
similar conditions, became a matter of pure conjecture. 

A fracture may not be shown on the plate because the x-rays 
have not hit the gap in the bone in their straight passage from 
the anti-kathode to the sensitive plate. Then the break itself 
may be oblique, and thus interpose overlapping edges of bone 
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between the source of the rays and the photographic surface. 
Mr. Lynn Thomas described an instructive experiment at a 
meeting of the Eiintgen Society, May 1 , 1899. He made 
parallel saw-cuta through the styloid processes of several ulnte, 
and several more cuts into a radius. The anti-kathode was fixed 
by means of a plumb-line directly over the second ulna, counting 
from the top downwards (see Fig. 52). The long axis of the tube 
ran parallel to the radius shown in the illustration. The latter 
bone was also incised witii a saw, and loops of wire twisted from 
the bottom of each saw-cut round the sound part of the shaft. 
The result is striking. The two upper cuts in the ulnas show as 
unmistakable gaps. The next is less complete; while in the 
lowest one no change is visible in the liony substance. At the 
same time progressive distortion is shown in the shape of the 
ends of the ulnre. The radial incisions become more and more 
V-shaped from above downwards, and the wire loops more and 
more oval. 

The anti-kathode of the focus tube on the Eontgen lamp was 
placed over the point X— i.e., perpendicular to the base of the 
styloid process of No. 2 ulna. 

It will be observed that the fissure is more or less obscured by 
the shadow of the edges of the crack as we advance towards 
Mo. 6. If we add, in fancy, the shadow east by the soft tissues 

I upon this photograph, I feel quite sure that no unbiassed radio- 
grapher would accept the evidence as indicating a fracture. The 

[ different ulnie have different density to the .r-rays, owing to the 
different ages and sexes from which they were obtained. 

In the radius we have a good example of the distortion a 

[ straight crack or tissuTe is liable to undergo by the position of the 
anti-kathode. The density of the adjacent edges of the compact 
bone of the radius — which, by the way, is nearly triangular in 
shape at the line of the fret-saws — ^is enough to allow a photograph 
of the two surfaces of the fissure — i.e., the one next the plate and 
the one next the Eontgen lamp— to appear distinctly. The result 
is a V-shaped light line with limbs of varying lengths. The 
angle of the V, as well as the limb of the V which is caused by 
the shadow of the crack furthest away from the plate, can be 
increased or diminished according to the operator's wish, or con- 
verted into a straight line. 

This experiment clearly shows the confusion and distortion 

10 
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due to varying relative positions of object of tube and of plate. 
It strengthens Mr. Lynn Thomas's plea for a standard point in the 
centre of the wrist in examining injuries of that region. At the 
same time it must be borne in mind that the break is not always 
in the nature of a vertical separation, but often runs obliquely. 
The only trustworthy way of examining for fracture is by the 
use in the first place of the screen at various angles. This fact 
can be verified by five minutes* careful examination of an old 
Colles' fracture. By moving the arms up and down and from 
side to side the injury and the shape of the bones may be made 
to assume a variety of appearances. 

It seems likely that the Kontgen rays will help towards a truer 
conception of what really takes place in some particular injuries, 
such as Colles' fracture of the lower end of the radius (see Figs. 
66, 57, 58). 

Of late a good deal has been heard of the practice of wiring 
recent fractures, such as those of the olecranon, lower end of 
fibula, patella, and of other bony parts where union is commonly 
delayed or vicious. Under the conditions of modern surgery the 
plan appears to offer in many cases a good prospect of securing 
rapid and bony union. It need hardly be added that the pro- 
cedure consists in cutting down under antiseptic or aseptic pre- 
cautions upon the broken ends, which are then drilled obliquely 
and brought together by stout silver wire. In this particular 
class of cases the surgeon will learn from the rays — (1) whether 
wiring is advisable, (2) whether proper apposition has been 
secured, (3) whether bony union has followed. 

The plan of * nailing ' recent fractures of the condyles of the 
humerus, or of a loose fragment of bone, as advocated by some 
surgeons, would in many instances be hardly feasible without a 
clear knowledge of the condition of the broken bone, gained from 
a screen examination or a radiogram. In the method of treat- 
ing false joints or malunited fractures by ' Lane's screws/ a 
Bontgen photograph is of the utmost value in assisting the 
surgeon to determine before operation the exact length of the 
screw required in each particular case. By uniting fractures of 
the leg-bones (such as Pott's) by screws that are too long, serious 
damage can be inflicted on nerves or bloodvessels unless the 
surgeon avails himself of the aid of the a;-rays. The accompanying 
figure (54) shows that the screw used was of the right length 
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that the mechanical adaptation of the tibial fragments was 
B&ti&factor;. Some ol the remarks made about 'screwing ' apply 
also to ' wiring ' and ' nailjog.' Again, the ' screwing ' on of a 
loose fragment offers a promising field for treatment. An excellent 
case in which sound union of a fractured olecranon was secured 
in this way was published by Mr. Thomas Moore, F.R.C.S.* 

Where a fracture is attended by such complications as impac- 
tion, comminution, multiplicity, interposed tissues, extension into 
a joint, or dislocation, ROntgen methods afford most useful in- 
formation. The practical value ot the method, however, extends 
beyond diagnosis, for by further investigation it can be ascer- 
tained whether the bones have been reduced to proper position, 
and whether sound bony union has followed. The progress of 
a fracture can be followed readily enough when the splints and 
dressings are translucent to the rays. If it be desired to makt 
periodical examinations through a fixed apparatus, the splints, as 
already stated, must be made of some penetrable material. The 
separation of epiphyses, or the so-called ' fracture through 
epiphyses,' a subject of great importance in surgery, will be dealt 
with in a separate section (see p. 152). 

Where a fracture has ended in fibrous union, false joint, or 
other imperfect result, the exact state of affairs can, with one 
or two exceptions, be readily found out by the radiogram. A 
siniilar remark applies to a stiff' joint after dislocation or other 
injury. In all these cases important indications may be gained 
as to the appropriate form of treatment, whether by resection, 
osteotomy, wiring, rofracture, or the breaking down of adhesions. 

The exceptions above referred to are chiefly those of fracture 
or dislocation, or both together, about the shoulder or the hip. 
In each case an aotero-posterior view may be obtained, but a 
lateral view is rarely of any use, owing to the multiple shadows 
of superimposed bones. Thus, the absence of the bone from its 
socket can as a rule be readily demonstrated, but no lateral record 
is available to show whither it has gone. Under these circum- 
stances, we fall back upon our exact localizing processes, and by 
a doable photograph determine the exact position of the dis- 
placed bone. 

The diagnostic application of the x-rays, it may be observed, is 

likely to do away with much of the time-hoooured business of 

• Arehit'soflhe RiMgcnRay.ivXy. 189". 
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the boDe-setterp. As Mr. Howard Marsh aDd others have pointed 
oat, the greatest successes of those irregular practitioners have 
been scored in nine cases out of ten by the forcible rupturing 
of arthritic bands. It is now open to everyone to put to an 
absolute test by means of the Rontgen rays the bone-setter's 
stock assertions that ' the joint is out of place ' or ' the bone not 
properly set.' In this unexpected way, it is interesting to note, 
science has cut away the ground from under the feet of the 
charlatan. Professor Hontgen's discover}' has thus dealt the 
bone-setter a deadly blow that ages of scientific protest have failed 
to accomplish. 

A curious condition of affairs is shown in Fig. 55. The original 
was taken by Mr. Gerard Peck, of Scarborough, and kindly placed 
at the writer's disposal. The patient was a woman sixty-two 
years of age, who injured her arm by a fall. Pain was felt at 
the time, but, curiously enough, the fracture was not detected for 
some months. The patient was dressed by her daughter, and is 
reported not to have noticed the deformity until she one day saw- 
it reflected in a mirror. 

The photograph was taken with a Tesla set capable of giving 
a 2-inch spark, and an exposure of two minutes. It reveals a 
fracture of the lower end of the forearm, united at an extreme 
angle, with a V-shaped forward bend. 

An instance of the value of the diagnosis of adhesions is afforded 
by the case of a patient who suffered from a locked wrist, and the 
radiogram showed there was no disease of bones. This result 
pointed by a process of exclusion to the presence of interarticular 
bands, and indicated a successful line of treatment. 

To sum up : in dealing with bone injuries successful radiography, 
compared with previous methods, offers the following advantages : 
It substitutes speed, accuracy, and finality, for delay and doubt ; 
it affords exact evidence that may confirm or modify the diag- 
nosis of the surgeon ; it may furnish both grounds for prognosis 
and hints for treatment ; it may save the patient the pain of 
useless, and perhaps, dangerous, manipulations, as well as the 
shock of anaesthetics ; it provides a permanent record of the 
precise nature of an injury; it may prove a safeguard for the 
patient and for his medical attendant, both in the present and 
the future ; and, lastly, it can hardly fail to be of value for teach- 
ing purposes. 
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special Fractures 

Fracttires of the scapula that may be detected by ordinary 

njanipulation need not be considered here. Sometimes, however, 

an injury of the kind is exceediu^-ly obscure, in which case a 

Rintgen ray examination ]iiii;lit .li-;el(.is(2 its real natnre. For 
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; see hIso Ki)(. 57. 



iBtBDCe, it would be difficult or impossible in any other way to 
lOSe the rare fracture of the glenoid cavity from dislocatiou 

the head of the humerus or fracture of its anatomical neck. 

Fractures of the CoUar-bone can be i-eadily shown by the rays 
but as a rule there is little information to be gained in that way 
that could not be acquired by simpler methods of examination. 
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An exception m&y perhaps be made in the case of the hreak 
withoQt diaplaceniEnt that sometimes occurs between the attach- 
meDtfi of the conoid and the trapezoid ligametitB. Such a case 
was reported by Dr. Richardson :* ' A football-player of Dineteeo 
injured his left shoulder. Six boare after the accident tenderness 
was found at the outer end of the claTiele, bat neither crepitus 
nor deformity was to be made out. The Bunlgen raj-a showed a 
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solution of continuity at the point of tenderness, where a week 
later callus appeared.' 

Fracture of the Humerus. — This bone is readily photographed 
throughout its length by the Bontgen methods, which are of special 

■ Soglon .Vesical AVica. DpceioWr 28, ISPO. 
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value in determining the nature of obscure injuries at its upper 
and lower ends. The exact diagnosis of fractures about the head, 
as every surgeon knows, is often attended with great, if not 
insuperable, diEGculty, especially when there is much swelling. 
Incomplete separation of the head of the humerus at its junction 
with the shaft has been reported in cases that had been regarded 
as sprains before the Biintgen examination, and it seems not 
unlikely that such injuries may prove less rare than has been 
hitherto suspected. So, too, fissures due to direct violence have 




often been observed in cases which, were it not for the R<>ntgeQ I 
rays, would have been classified as bruising of the soft tissuea. 
In a case under Mr. Lynn Thomas, a comminuted fracture of the 
surgical neck, it would formerly hare been impossible to make out 
the precise nature of injury. 

Fractures about the elbow are often attended with such rapid 
swelling that, unless seen at once, it is in many instances im- 
possible to ascertain the extent of the injury for several days. 
Indeed, it is hardly too much to say that under such ciroum- 
stEinces a Rijntgen photograph of the swollen elbow is absolutely 
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the only means of exact diagnosis at the command of the surgeon, 
who may in this way save much valuable time and anxiety. For 
instance, the damage may be of such a kind as to demand prompt 
excision. In any event, the a;-rays will indicate whether the line 
of fracture at the lower end of the humerus is (a) transverse, 
(6) T-shaped, (c) through condyles, (d) through epiphyses, and 
whether it is complicated by (e) dislocation or (/) fracture of the 
olecranon. In this way the surgeon can inform the patient forth- 
with as to the probable duration and result of treatment. More- 
over, from the knowledge gained as to whether the fracture is 
extra- or intra-capsular, be will know exactly when to begin and 
when to avoid early passive movements. Thus, if the break be 
transverse, above the capsule, such exercise can be delayed for a 
month or more, ' as there is then no danger of a stiff joint, but a 
risk of the passive movements at the seat of fracture leading to a 
false joint' (Walsham). Other authorities would, however, with 
Lucas Champoniere,'^ advocate immediate massage, together 
with mobilization. Indeed, the advantages of the new method 
to the practical surgeon are nowhere more apparent than in 
obscure injuries to the elbow-joint. 

Fractures about the middle of the forearm are readily 

accessible to the rays, the information derived from which may 
be applied upon general principles. However, so far as the 
pathology of fracture of the lower end of the radius is con- 
cerned, the method has already demonstrated a number of fresh 
facts. Mr. Thomasf published the instructive case of a patient 
with double CoUes' fracture. From a clinical point of view 
the lesion appeared to be identical on both sides, but the Bontgen 
photographs showed a wide difference in the bone injuries. In each 
the styloid process of the ulna was fractured at its base, an event 
usually described by surgical authorities as somewhat rare. One 
wrist (Fig. 56) showed the ordinary fracture of the lower end of 
the radius, with outward displacement ; the other (Fig. 57) slight 
impaction of the radius about three-quarters of an inch from its 
lower end, to be detected by noticing the irregularity on the ulnar 
side of the bone. By the side of and near that projection is 
a * complete longitudinal single fracture of the lower end of the 
radius, showing a detached portion of a triangular shape in its 

* * Traitement dos Fractures par Ic Masna^e et la Mo)»ilisatioii,* 1895. 
t British Medical JonnuLl, January 2, 1897. 
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normal position attached to the radio-ulnar hgamenf In a later 
communication to the Bame jotirual, the author expressed an. 
opinion that ' the true pathologj' of one of the commoneat of 
fractures (if., Colles') requires rewriting in the leading surgical 
test-books in the English language.' In 1899. thanks to the 
x-rays, one can state that fracture of the ulnar styloid process 
usually accompanies injuries to the radius in CoUes' fracture. 
Mr. Thomas has placed a third record (Fig. 58) at the disposal 




of the writer. In his opinion, this illnstrates the rupture of the 
radio-ulnar Ugament described by Mr. Clement Lucas in Guy's 
Hospital Keporta tor 18M. 

The illustrations shown in Figs. 59 and 60 furnish a good 
example both of fractured forearm and also of the service that the 
Rfintgen rays can at timea afford in surgical practice. They were 
taken from a restless and muscular young man, eighteen years of 
age, under the care of Mr. Jonathan Hutchinson, junior, at the 
London Hospital. The patient presented himself with a broken 
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arm, which had been put up in splints a few days befoi-e at 
another ioBtitution, and which he imai^iiied was not going on 
well. A Ri.>ntgen photograph, not here reproduced, proved 
double fracture, with both bones in perfect alignment. When 
he returned a week later, the rays revealed considerable displace- 
ment (Fig. 59).* The broken bones were thereupon readjusted, 
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but at the end of another week the fragments were again found 
to be overriding (Fig. GO). The Hmb was reset, and ten days 
later the T-ray record showed union in good position, almost, but 
not quite, equal to that demonstrated in the first photograph. 

In the after-treatment of a restless patient, then, the Eontgen 
methods may prove of constant value. Even if the results of 
such an examination be negative, no harm will have been done, 

Tlie pliotogriLphH were taken tbrouKh a)>liiits nti<l cluthin^. In tli? first the 
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as it can be conducted without taking off a single splint, dreasing, 
or garment. By availing himself of its aid, the surgeon may 
possibly avoid conBcijuences dangerous alike to the welfare of his 
patient and to his own reputation. 

Destot* has described fractures of the scaphoid, os magnum, 
and styloid prot-esa of the ulna, associated or not with fractures 
of the radius. Of the latter, he has identified with the fluoroscope 
three chief types: (1) The epiphysis is entirely detached, and, 
strictly speaking, there is no interarticular fracture. (2) The 
fragment is wedge-shaped at the expense of the posterior aspect 
of the radius, the front of which retains its poaition. This type 
shows many varieties, as when the fragments are multiple or 
displaced from without inwards, when the fissure extends higher 
or lower, involving the posterior lip only, or the epiphysis only. 
Special attention was drawn to this particular kind of fracture 
in the pre-Rontgen-rays day by Dr. Rhea Barton in lH38,t and 
Hamilton, in his treatise on Fractures and IJislocations, 
designates it ' Barton's fracture ' in contradistinction to a CoUes' 
fracture. It is interesting to observe that many pathological 
conditions of bone lesions, which were hitherto known only to 
a few experts, have been again prominently brought before the 
notice of the profession from observations made by means of the 
j--rayB. It is always advisable to radiograph obscure bone injuries, 
and not to trust the fluoroscope alone, because the former method 
will record what the eye cannot see in the latter : the one is like 
counting the stars of the Pleiades with the naked eye, and after- 
wards comparing notes with a photograph of the same region. 
(3) The anterior and posterior lips are broken off, and the shaft 
penetrates them, separating the one from the other, the bones 
being all more or less comminuted and more or less displaced on 
the outer side. 

Destot points out several possible fallacies connected with the 
esamination of the wrist. The shadows of the bones do not 
exactly correspond with the appearance on a skeleton ; one may 
confuse a dislocation of the first row of carpal bones with a frac- 
ture of the OS magnum. The scaphoid, instead of being boat- 
Bhai>ed, may present a globular form, crossed by a shadow, and 
due to a sabluxation. Fracture is present only when a clear 
space separates the two fragments. 
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Fractures of the hand can be readily demonstrated by means 
of the Bontgen rays. A break of the fourth metacarpal, not an 
uncommon injury, is sometimes difficult to diagnose by ordinary 
methods. An x-ray examination would at once reveal an injury 
of that kind, and has often disclosed simple longitudinal fissures 
in bones said to have been bruised. In the case of the Poor Law 
Medical Officer, who is paid on a higher scale for attending frac- 
tures, the possibility of proving the existence of such obscure 
injuries presents a distinct economical advantage. To a less 
extent a similar remark applies to all who are engaged in surgical 
practice, whether special or general. 

The illustration portrayed in Fig. 61 shows the results of a 
cogwheel accident fourteen years previously. The metacarpal 
bone of the forefinger has been apparently broken into tv^ main 
pieces, which lie at a cross-angle of about thirty degrees. The 
irregular shape of the lower fragment probably results from 
chronic periostitis and osteitis following the injury. Between the 
two fragments there appears to be a kind of false joint. The 
middle joint of the forefinger is partly obliterated by what seems 
like bony union. The sesamoid bone opposite the distal end of 
the thumb metacarpal has apparently become united to the latter 
by a more or less ossified ligament. The original photograph, 
kindly lent to the writer by Dr. J. R. Philpots, of Parkstone, 
shows some good records of muscles and other soft structures. 
Thus, in the outer side of the little finger metacarpal may be 
traced the abductor and flexor brevis muscles. On the outer 
side of the middle joints of the second and third fingers are what 
appear to be the lateral expansions of the common extensor of 
the digits. Along the back of the bones of the metacarpal and 
phalanges of the thumb the extensor tendons can be clearly 
traced. The tendon of the extensor secundi internodii, indeed, 
can be followed up to its insertion at the base of the terminal 
phalanx. Unfortunately, most of these results are lost in repro- 
duction. 

In fractures about the pelvis the Bontgen rays, so far as one 
can judge, are not likely to help the surgeon much. The hip, 
again, is deeply placed, and so far satisfactory results are not 
always attainable. However, much is often to be learnt in the 
case of children and young adults, in one case a fracture of the 
neck of the femur was shown in a muscular adult, six feet in 
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height. It will be wise to try and soeure a record of iropaeted 
intracapsular fracture of ihe hip, because of its freiiiient aftor- 
ahortening, which may be attributed by patients to unskilful 
treatment. Under such circumstaiices a iliHerential photograph, 
showing aTL alteration in form or relation of the injured aide, 
might be of the utmost value to the medical attendant. 

Coxa Vara. — Mr. I.ynn Thomas has coinmimicated the case of 
a young man aged about eighteen who injured his hip in playing 
football. From an exauiiiiation of hia signs and symptoms, some 
months after the original injury, he would have concluded that 
absorption was taking place i>f the head of the bone, most likely 
after impaction into it of the neck. An examination by the j;-rays, 
however, showed the landing of the neck of the femur to be one 
of coxa vara. It is waste of lime to try and radiograph the hip 
in adulte if one dues not possess a 'haixl tube.' 

In extracapsular fracture of the hip the rays may show 
coricluBivoly wbethei- the neck of the boue is impacted or not in 
the great trochanter, especially when a comparison is made with 
a photograph of the sound side. The knowledge thus gained, 
whether negative or positive, could not fail to be helpful to treat- 
ment, inasmuch as extension is contra- indicated in the impacted 
variety. Moreover, it would guide the prognosis as to permanent 
shortening and stiffness of the joint. Generally speaking, a frac- 
ture can be I'eadily enough demonstrated by the Rontgen rays in 
all parts below the hip. 

bi fractures of the shaft of the femur the value of the 

radiograph will lie chiefly in its evidence as to the proper setting 
and subseijuent union of the brukcii ends. 

In fi-actures of the lover end of the thigh hone .r^rays are 

likely to bo more useful. Injuries about the knee are apt to 
cause rapid swelling in and around the joint, so that a thorough 
examination by ordinary methods is out of the quesiion. Then it 
is that a confident appeal may bo made to the Rontgen method. 
Without taking off a splint or dressing, we may expect to ascer- 
tain one or more of the fullowiug conditions; {a) line of fracture, 
whether oblique, transverse, comminuted, T-shaped ; (t) implica- 
tion or otherwise of joint ; ('■) sepjiration of epiphysis. 

Fracture of Patella, or Kneecap- — Unless the patient be seen 
at once after this accident, the parts often become so swollen 
that it is impossible to diagnose the injury. For the investi- 

11—2 
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gation of such a case the Rontgen rays are specially adapted. 
They will reveal not only complete fractures, but also incomplete 
— that is to say, where the starred or fissured fragments are 
kept in position by the aponeurosis. As regards after-treatment, 
the surgeon will be able by means of a radiograph to determine 
whether his methods have brought the patellar fragments into 
good position. Here, too, the results of wiring can be closely 
followed. 

Some years before the introduction of the Rontgen methods 
the following case came under the notice of the present writer: 
A piitieiit injured her knee. The medical man who was called in 
diagnosed dislocation of the semilunar cartilage. A few months 
later, the joint being stiff, another surgeon administered chloro- 
fomi and flexed the limb in order to break down adhesions. 
After this procedure the knee-cap was found broken. The con- 
tention of the sceoiul surgeon was that the first examination 
failed to detect an incomplete fi-acture, which his subsequent 
manipulation had rendered complete. Wherever the truth lay 
in that particular instance, it is clear that the medical man first 
in attendance would have been in a very different position had 
it been possible to secure the evidence of a feontgen photograph. 
Kecently at a society two photographs were exhibited of a 
patella, the <lay before and the day after its fracture. The facts 
of the case did not transpire generally, but it may be stated that 
the first picture, showing the unbroken bone, was the result of 
an exposure taken for purposes of diagnosis in a stiff knee. Inter- 
articular adhesions were clearly demonstrated (by exclusion) to 
be the cause. Forcil)le flexion led to the subsequent fracture of 
the knee-pan. The resemblances and the contrast between these 
two cases are not a little suggestive and striking. 

In fractures of the leg, when either the tibia or the fibula is 
alone broken, the diagnosis, as every practical surgeon knows, is 
often extremely difficult. Indeed, if there be much swelling, it 
is in many instances impossible to determine whether the injury 
is a fracture or merely a sprain. Any such doubt, however, could 
be speedily cleared away by the rays. The most conservative of 
surgeons will hardly deny that the ability to settle such a point 
must constitute a solid advance in practice. 

When both bones of the leg are broken, the diagnosis is usually 
so clear as to need no confirmation. Nevertheless, the method 
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may be of use in determining whether the (iegree of obliquity of 
the fracture or the amount of displacement of the fragments 
would call for immediate screwing of the honea. 

A rare spiral fracture of the tibia was discovered under the 
rays by Dr. Taft,* and by the kindness of that gentleman is re- 
produced in Fig. fi2. It is inatnictive to learn that the sensitive 
plate yielded a clear and unmistakable record of the fracture, 
which, nevertheless, coulil not be seen by the aid of Edison's 
fluoroBcope. Dr. Taft accounted for this failure by the difficulty 
of getting the screen aufticiently near the bone on account of the 
eplinte and pads, as well as the swelling of adjacent parts. A 
I aecond record, taken from the aide, showed that the fr^icture ran 
' np the tibia in a spiral fashion for a further distance about equal 
to that shown in the figure. 

Another unusual fracture of tibia was reported by Mr. Hatch, 
of Johannesburg.! There were IJ inches of shortening, together 
with stitfneas and deformity. The Kiiutgen method showed that 
the main fracture was transverse below the head of the tibia, with 
impaction of the lower fragment. The head of the fibula was 
thrust up, and carried with it the broken-ofT external tubercaity 
of the tibia. 

By no available means of investigation other than the Rontgen 

I rays could the exact nature of the two foregoing fractures have 

been ascertained In the living subject. There can be little doubt 

' that, as cases accumulate, many hitherto unsuspected forms and 

\ combinations of fractures will be recorded. 

The double fracture of the leg shown in Fig. 63 is from a 
I picture kindly placed at the disposal of the writer by Dr. F. H. 
L Low, of West Kensington. The patient was a medical student 
[ of about twenty-two or twenty-three years of age. His leg was 
f put up in splints in the ordinary way, and he was kept in bed for 
weeks. A ray photograph of his injured leg, taken three 
['months after the accident, revealed the state of afTairs to be seen 
I in the picture. The lower fragments appear to have been thrust 
['Upwards between the upper, a condition which the medical 
'cttendajit supposed to be due to the fact that the patient had 
i the limb before the bones were fii-mly consolidated. In the 
[ light of numerous other observations, however, it would appear 
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that such irregular union is the rule rather than the exception. 
A further point of general interest is that, in spite of the apparent 
extent of the deformity, careful measurement showed only \ inch 
of shortening in the whole limb. No noticeable alteration was 
<»U8ed in the gait, probably because there was some compen- 
satory depression of the pelvis on the injured side. 

As to fractures of the lower end of the bones of the leg, 

it seems likely that the pathology of Pott's fracture, like that of 
Colles' of the radius, will have to be rewritten in view of the 
fresh facts gleaned from its study by the Rontgen rays. An 
excellent illustration of such a fracture, with dislocation, is shown 
in Fig. 64. 

Special attention has been given to this point by Destot of 
Lyons, who has detected by the rays no less than seventeen 
instances of fracture of the astragalus and metatarsals.* 

As a result of his radioscopic investigations of fractures of the 
astragalus, Destot has recognised two chief varieties — (1) Fracture 
with duiphcemeid : (a) When the displacement is forwards, the 
fragment projects under the skin, either in the middle line or on 
one side, (b) When it is backwards, the body of the bone bulges 
out more or less beneath the Achilles tendon. There is also an 
intermediate type in which the tibio-peroneal ligament accom- 
panies the posterior fragment, and the foot is slightly dislocated 
forwards. (2) Fradura uithout displaanticnt : (a) Complicated ; 
three varieties —calcanean, malleolar, and scaphoid. (b) Simple, 
either through the neck, the anterior or the posterior extremity. 

The liontgen photograph of dislocation of astragalus, \idth rota- 
tion on its transverse axis, is a good specimen of a not frequent 
injury, and one difficult to realize its exact condition without the 
.r-ray method of investigation (Fig. 65). 

Fractures of the Foot. — Tarsal and metatarsal fractures are 
often obscure, and are no doubt at times treated as sprains. 
An interesting case of this kind brought under the notice of the 
writer was that of a young lady whose foot was injured by a fall 
from a bicycle. Some six weeks later, as the foot was still 
painful, it was radiographed, Avith the result that an unsuspected 
metacarpal fracture was at once revealed. 

• 'Radioscopie et Radiographic Cliniqiies,' Dr. Regnier. Bailliere, Paris. 
1899, \K 53. o . , 
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Fractures about the Head 

Fractured skull may lie rendily shown by the .r-rays when 
aituatfld upon the face* or the cranium — thit is to say, anywhere 
except at the base of the skull. In the lower jaw fractures can 
be readily demonstrated by using the method described for taking 




a the surgeon will do 
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teeth (p. 69). In all lioubtful or ol>w 
well to appeal to this method. 

Fractures of the vertebrse, from the nature of the case, 
usually present little difficulty in the way of diugnosis. There 
are, however, instances on record of unaiiapected partial fractures 
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of the vei'tebrte which have been converted into conjplnte ones 
fey some movement, volmiWry or involuntary, on the jjart of tlie 
patient. Thns, a patient has been known suddenly to break off' 
the odontoid pi-oceas wf the axis by mxlding hia head, Another, 
again, suAering from obscure cervical injury, has been suspected 
of malingering, and roughly shaken up, with fatal results. In 
doubtful injuries of the neck and spine, therefore, it would be 
advisable, wherever possible, to obtain an .''-ray recoi'd. In the 
neck this is compai-alively easy, and no doubt in the proeess of 
lime equally good results will l>e obtained lower down the spinal 
column. Ijostly, if fractures of the spine be esaotjy locatoil by the 
rays, the fcaai>iility of such surgical methods as ' wiring ' might be 
considered by the surgeon. 

An excellent illustrative case of dislocation and probable frac- 
ture of cervical vertebnu has been published by Mr. K. J. Pye- 
Smith, of Sheffield.* The diagnosis was confirmed by Riintgen 
photographs. It rested on the iiature of the accident, the region 
where pain was experienced, the position of the nock and the nature 
of the limitation of its movements, and the evidence afforded by the 
application of Kontgen's rays. 

The following extracts will explain the chief points of this 
probably unique case : 

r. H., a mechanic, ti^eA twenty-six, ailTTiittal Id hospital Febnisrj, 1897, 
«<im|ilainiu^ of jwinB iu shouldera and upper tti«rax. On Juue '10, ISSfl, be fell 
from a raiaed path ou to t!je road 6 feet l>elow, aligliting on tlie right side nf 
the hf«d. He nus UDCoascioua for half an bour, and was kept in bed for tiro 
daja. His week was atilT, and lid could not raise liia head pro[icr1j, but in ten 
days he ttturned to his work, tthich involve Ijendiny liia head over a machine. 
Six months latei pain l>e|(an in the chest down to the nipjilea, in botli ahauldera, 
and on the inner aauevC of both arms. 

The head was inolined forwaiiis and slightly 1« the left, and could not lie fully 
extended either by voluntai? or assisted etforts. r>odding movements ulmo^ 
normal. Latural rotation of head slightly limiU<d to right, more so to left, and 
accom|«med by a soft, grating aenaation. as if tendinous fibres were slipping 
«vor liony prominences. Lateral flexion of neck markedly dtminishei), ee[>raiallj 
'- the right. No marked lateral deformity on either aide. The spinous pltt- 
' ' ipd to be d' 



cesses of the vertelinc above the fourth could not 1« felt, and 
the fourth Iwiiig very proniinent. Ko d 
idy of the fourth could be felt in the pliaryn 
ell in respiration, and neither loss of muse 
where detected. The i<ain eaniplained of 1i 



placed forwarda, the fourth Iwiiig very proniinent. No definite projection, 
* - luldbeft- ■ - ■ ...... i 

1 respiration, i 

■a detected. 1 

scending sllpei 
in"*"" . „ . 
third cervical vertenra to be s considerable fraction of an inch in advance of that 



of the Ixidy of the fourth could be felt in the pharynx. The chest u 

' u-c11 in respiration, and neither loss of muscular power nor 

detected. The lain complained of lay chiefly in tl 

wending sllpertieial branohcs o( the cervical plexus 

The Riintgen photograph taken from the side sliowed the body of tl 



of the fourth, whilst the postero- lateral view taken from the left side showed 
considerable separation of the traiisrerse processes of those two vertebrs. 
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■ The Shegirlil Qmrlirly Mtdieai Journal, October, 1807, p. 30. 
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Bemahks. — ' The rarity of the bug Bun-ival of a laae of fraoture-diBlocation 
of the apine in thi^ cervical region is ivell known, sod depends, of course, on the 
leuon of the cord which ai> generallj accompanies that iigurj. The rarity of 
anch an injnry to boue and liganiuiit without invoivetoant of tho cord is perhaps 
equally great. 

Fractures of the ribs, which are now and then difficult to 
W detect, may >)e diagnosed by the nwiiograph. In some inatances 
" — as, for example, in lunatic asylums- — tho proof of such injuries 
may have a medico-legai intereat. Indeed, it may be mentioned 
in passing that the i-ays are likely to be of special service to the 
Burgeon when called upon to diagnose injuries of lunatics, mutes, 
infants, and other folk who ai-e from any reason unable to furnish 
aound personal eiidence of their subjective symptoms. Where 
death has taken place, a tedious ilissection may pei'haps Im avoided 
by a Rontgen photograph, 
h There are special ditlicutties in the way of securing a proper 
I record of rib injuries. For instance, the movements of the chest 
■wall in respiration will clearly eonfuso the focus-tube shadow. 
It has been suggested that the ribs may be fixed by a dressing 
translucent to tBe rays, such lis silic^it-e of soda. When the 
fracture is at or within the neck, the movements are sufficiently 
restrained simply by lying on the back. The present writer, 
with Mr. Burton, secured an excellent picture in that position 
of seven broken ril>s at the North-Eastern Hospital, London. 
The patient was a child who had been run over by a vehicle ; 
the fracture had united when the exposure was made, weeks after 
the accident. The photograph was darker on the afi'ected side, 
owing to the absorption by the skin of a certain amount of leail 
from the plaster which had been applied to fix that half of the chest, 
and al^o to ti'aumatic pleurisy- 
It is also difficult in adults to obtain any record of the ribs 
Wer the region of the liver. The writer failed to do so in a 
Stedico-lcgal case where fracture of the lower ribs was alleged to 
have taken place in the nipple line as a result of direct violence 
(fall on kerbstone). The patient in that case was an elderly 
aathmalio man of great girth. In another instance the writer 
has secured a clear record of ribs over the liver in a middle- 
aged man of average size, by causing the patient to fix the pai't 
to be taken by leaning firmly against the sensitive plate. In 
young adults and children the ribs can often be beautifully 
shown through the liver by taking them lying face downwards. 

\1 
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There scema to be no particular reason why lateral fractures 
should not be photographed if the chest be fixed in some way. 
and the rays directed transversely through the thorax from the 
sound side. 
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I j>ractice of examining with the Rdntgen rays every fracture brought 

I under their notice. 

The chief point inaiated upon by Dr. Richardson of Boston is 
that both in recent and in united stages malposition of broken 
ends is common, although not revealed by any previously known 
niethod of examination. He mentions a number of cases where 
the position was absolutely perfect so far as could be ascertained 
by ordinary means, but in which, nevertheless, a Rontgen ray 
photograph showed considerable displacement. 

Oberst of Halle finds that without the aid of antesthetics and 
without handling the parts he can make an exact diagnosis as 
to the position, the natiu-e, and the direction of fractures. He 
thus avoids the danger of laceration of vessels and of other 
structures that attends manipulation of the fragments. Ether he 
now reserves for painful reductions. He also makes a practice of 
taking a radiogram at the end of treatment. His main conclusions 
are as follows : 

1. The ideal or perfect union is rai-e. 

2. In all oblique fmcturea there is more ov less overridiiig of the 
broken ends. 

3. In bones that are deeply seated considerable deformities may 
escape notice. 

4. In cases followed by long-continued functional disturbances, 
the Kontgen rays invariably showed overriding of fragments to a 
greater or less extent, when manual examination rfevealed no 
deformity. 

Dislocationa 

In this class of injury the surgeon will usually arrive at an 
absolute diagnosis by ordinary methods. 

A dislocation may be examined with advantage when the ports 
I are too swollen and painful to admit of manipulation. When 
complicated with fracture, the value of the new method can 
hardly be overestimated for the ease with which a ditHcult 
diagnosis may be reduced to a certainty. To take a concrete 
instance, let us suppose a dislocation of the elbow to be examineil 
by the /-rays, which may demonstrate oiie or more of the follow- 
ing fractures as a complication — (1) of the corouoid, (2) of the 
I «I«ci«non, (3) of the neck of the radius, (4) of lower end of 
1 humerus, (5) of condyles of humerus, (6) through epiphysis of 
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humeniB. The importance of tniatworthy evidence on any of 
these points must Iw clear, when one eoiisiflera to what iin extent 
such knowle'igo must modify diagnosis, prognosis, and treatment. 
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I The illustration of backward elbow dislocation 
foreann in a child shown in Fig. 69 \i 
by Davidson. 

The backward dislocation of the 



slocation of both bones of the ^| 
I from a i-ay photograph taken ^| 

first phalanx of the thumb H 



MEDICAL AND SURQIQAL APPUCATIONS IBl 

upon the metacarpal has always been a matter of surgical interest, 
chiefly iieeause of the ditlitiilty often experienced in replacitig 
the l)ones. It ia'interealing to iiota tbit the rays liiive confirmed 




\ anatomical theory advanced many years ago by the late Sir 
George Humphrey, that the hindrance was due to the sesamoid 
bones being carried back with the phalanx, and held there 
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between the separated articular surfaces by the flexor hrevis 
pollicie. 

In old-Btaiiding dislocations the new photography is likely to 
be of sen-ice. For instance, it will enable the surgeon to ascertain 
the precise condition of afTaii-s at tho seal of injury, so that his 
Bulwequent treatment shall !« founded upon exact data. Thus, 
if the rays showed a fresh articulation to have been formed in an 
old-standing dislocation of the shoulder, the siu-geon would not 
make any attempt at reduction, except under most exceptional 
circumstances. 

Congenital dislocation of the hip can be well shown in 
children. 

The accompanying illustration {Fig. 70) shows a suspected 
congenitikl double dislocation to be really a rickety bending of the 
ajigles of the thigh-bones. 

Dislocation of the body of the astra^us backwards — an ex- 
tremely rare accident — is shown in Fig. 65. The original radio- 
gram was tiiken by Mr. Lynn Thomas from a lad of 86venl«en, 
who eight months previously, while tiding on a moving trolley 
with his feet in front, struck the roof of an underground cutting. 

Tlierv is fnu^tUTe through the neck of the ^stragBliis. while tliE 1>ody U din- 
f)Uced backwards with the trochlear Hurfaue in Dontact with the lendo-Aohillei ; 
in utlier wnrda, there in au a-iial rolation of 90 degree liavkwards through its 
transvei'se aiia, ' an tidookwisc. ' 

There ia no fonuatioit of bon« iu the n{i Wtween the neck and the diiplaced 
bodj oi the astragalus, for the fibular malleolns is distinctly retiognisable. The 
tibial malleolus is seen I'cxting nnan the two segments. 

In Stimaon'B seven cases of this )iBrticlilar injury ' jiersistent flexion of the 
terminal jihalaux of th« great tw was )ire»ent ' (Keen and ^'hite'a ' Surgery ']. 
A siniiUr canditian was well sliowu in this instaQce. 

A coniparison of the Imties and teudons or this radiogram with the illustratiaD 
of a like injury iu Treves' ' System of Surgery ' (vol. i., [i. 1025) i« not a little 
striking. 

(c) Tigaries to Epiphyses 

The importance of injuries to the epiphyses is now recog- 
nised by surgeons, and existing knowledge on the subject baa 
been brought together in an exhaustive monogi-aph by Mr. 
Poland.- 

The damage may occur in intra-uterine life, during birth, or 
in childhood ; most often perhaps between the years of eleven 

IB Epiiihysea.' By John Poland, F.R.C.S. 
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■Mid eighteeii, up to the union of tlie lagt epiphysis, usually a.t 
Rtwenty- three, although that may be delayed in some cases until 
1 tiiirty yeare or more. The Rontgeii my worker will Iw guided iu 

I the reading "f results by the following talile :* 



f The Times ok the Union of the Epiphyses to the Diaphysi 
OF THE LoN(i Bones. 



At the 16th yinr , 

Betweeu the 16th and 17th years ., 

At the I7tliye»r 

At the IStliyear 

Betwuen the 17th and 20th years ., 
BetH'eeu the ISth aud 20th years .. 

About the 20th yeir 

Between the 18th and 22ud years .. 
Between tlie ISth aud ESrd years . 
Between the 22iid and aSth yearn .. 

At the IBthycar 

Between the ISth and Iflth years .. 
Between the IBth and 20th years ., 

At the leth year 

BetweeD the lath and leth years .. 
Between the 19th and 2lBt years .. 
BetweeD the 20th and 22nd years .. 
I Between the 21at and 22ud years ., 
""■ — n the 20th aud 23rd years ., 



) Between 



The upper epiphysLs of the radios. 
The oiecrsnon epiphysU of the ulna. 
The lower eiiiphysis of the hnmenis. 
The intomal eiiicondyle of the hnnierus. 
The epiphyses of phalanges of toes. 
The epiphyses of phalanges of fingers an< 

tower Bpiphyais of ulna. 
The metacarpal epiphyses. 
The upper e]ii|ihysiii of the huuierus. 
The lower ejiijihysis of the radius. 
The ejiipliysis of the clavicle. 
The lesser trochanter. 
The great Irot-hanter. 
The metatarsal epiphyses. 
The epiphyseal he»d of tlie femur. 
The lower epiphysis of the tjbia. 
The lower epiphygis of the fibula. 
The upper eiriphysis of the fibula. 
The upper epiphysis of the tibia. 
The lower epiphysis of the femur. 



Separation of epiphyses is much more common in the male 
lez, as shown by Poland in the three moat frequent situations— 
■umely : 

Lower Epiphysis of Femnr. — Out of 114 cages, the sex is stated in 
t 96 — 83 males and 13 females ; all the latter lielow fourteen years of 
ige. 

Lower Epiphijxit nf lUulvis. — Out of 112, the sex is given iu 

9 OS 79 in males, and 10 in females; the whole of the latter being 
B.«t or below fourteen years of age. 

UpptT Epipht/siif of Humerus. — Out of 1 19, the sex ia given in 104. 

[ these, 85 were males and 19 females (16 being at thirteen years 

1 below, three above). 

The practical worker will find the following tables from the same 

>ok of constant value for reference. The statistics ure compiled 
(from Poland's own cases of separations of e[ijphyses.t 
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Upper Extremity. 




Clavicle 


••• ••• «< 


5 


Humerus, upper epiphysis . . . 


••• ••• •■ 


. 120 


„ lower end (before puberty) 


75 


„ lower epiphysis at and after puberty 


6 


„ internal epicondyle 


• • • • • • 


61 


„ external epicondyle 


••* ••• •< 


9 


Kadius, upper epiphysis 


• • ■ • • ■ • 


7 


„ lower epiphysis 


• • • ■ • • • 1 


.. 112 


Ulna, upper epiphysis 


• • • • • • • 


9 


„ lower epiphysis 


• ■ • • • • • 


11 


Phalanges of fingers ... 




3 


Metacarpus 


••■ ■•• •< 


8 


Total 


• • • ■ ■ • • 


.. 426 


Lower Extremity. 




Femur, epiphysis of head 




.. 35 


,, great trochanter 




U 


„ lesser trochanter 




1 


„ lower epiphysis 




.. 125 


Tibia, upper epiphysis 




.. 24 


„ epiphysis of tubercle ... 




.. ' 10 


„ lower epiphysis 




46 


Fibula, upper epiphysis 




3 


„ lower epiphysis 




5 


Phalanges of toes 




2 


Metatarsus 




2 



Total 



... 267 



The importance of an exact diagnosis in this class of injuries 
is clear, as severe deformities often result from them. A certain 
number of so-called congenital deformities are no doubt caused 
in this way during birth. Hitherto, however, the surgeon has 
been hampered by the want of exact means of diagnosis and by 
the lack of precise pathological data. On these points Mr. Poland 
remarks : 

* At the lower end of the humerus, for example, there are but 
few anatomical specimens in museums to guide the surgeon in 
making an exact diagnosis of the numerous and complicated 
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DIAGRAMS OF THE COMMON FORMS OF EPIPHYSEAL SEPARATION. 





Fig. 72. — Pure and Complete 
Separation. 



Fic;. 73. — Partial Separation, with 
Fracture of the Diaphysis. 





Fio. 74.— Partial Separation, with Fig. 75.— Complete Separation, with 
Fracture of the Epiphysis. Fracture of the Epiphysis. 



From Poland's ' Traumatic Separation of the Epiphyses,' 1898. 
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lesions which from daily experience must exist during life. If 
this knowledge be obtained by Rontgen's method, it will 
materially assist the surgeon in giving a decision as to immediate 
operative measures in elbow-joint injuries of children, and in 
removing some of the many instances of subsequent severe 
deformity and loss of function of the joint and limb now so little 
creditable to surgery/* 

The accompanying illustrations, by permission of Mr. Poland, 
will give some idea of the way in which the forms of epiphyseal 
injury may be multiplied (Figs. 72-75). 

The Rontgen ray worker has now the means of ascertaining 
the exact condition of parts in traumatism of the epiphyses. He 
will in most cases want a second or control radiogram of the 
corresponding sound side, and will do well to make constant 
reference to the book so often mentioned in the course of this 
section. Lastly, he will be able to obtain evidence as to the 
occurrence of plastic inflammatory conditions in epiphysitis, 
together with such complications as stripping of periosteum, 
suppuration, necrosis, absorption of bone, and so on. 



{(1) Congenital and other Bony Deformities f 

The underlying bone conditions of many deformities of the 
human body can be clearly demonstrated l)y means of the rays. 
This fact has been brought out by Mr. Barwell in a series of 
articles. He remarked that hitherto it had been possible to 
study such deformities only after death, and upon the dry bone, 
but that now radiography had made it feasible to ascertain the 
actual conditions upon the living body, during the continuance 
of muscular and fascial tension. 

It may be laid down as a general law, \^qth regard to such 
deformities, that the Rontgen rays confer upon the siu-geon the 
power of doing, with pretty accurate precision, what he has 
hitherto been able to do but tentatively — namely, to plan before- 
hand the mode and extent of his osseous operation. An excellent 
example of this general statement will be seen in the accompany- 
ing illustration (Fig. 76), reproduced by permission of the LaiicetX 

• * Traumatic Separation of the Ej^iphyses, ' p. 97. 

t This section has been kindly revised by Mr. H. A. Reeves, F.R.C.S. 

X * On Various Forms of Talipes as depicted by the -Y-Rays,* Lancet, 1896. 
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Mr. Barwell says of it: 'The reader will poreeive that the J-raya 
have mai'ked out an abnormal length and a downward bond of 
the neck of the astragalus as being the obstacle to the restoi'ation 
of proper form to the tarsal arch.' Fig. 77, also from the Linrfi, 
gives an exeellont illiisti-ation of a healthy foot bent strongly 
downwards. 




' In deformities of the spine the rays often atTord \aliiablu 
information. This is all the more likely now that operations in 
that region ari; becoming matters of everyday surgery. A good 
instance of the diagnostic value of the rays in cervical cases will 
be found mentioned under the section ' Diseases of Bone ' 
(p. 163). 
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NunieroiiH cases of polydactyiism and allied congenital de- 
formities have beeTi published. In one or two instances the 

radiograph has indicated thy appropriate lino of operation upon 
STipernnmcrary fiiigei-a and toes. 




The writer appends an interesting example of polydactyiism. 
The case was kindly placed at his disposal by Dr. Milne, the 
medical officer of I>r. Barnacdo's Home in London (Figs, 81 
and 83). 

The hands and feet in these illnatrationa ave from the same 
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subject. The hands appear to be wanting in fingers, hut the 
raiiiogram shows that it is really n case of polydactylism, ivith 
aupemumorary thumb. One of the missing fingers, the digit of 
the right hand, appears to be represented by a rudimentary 
phalanx forced down between the heads of the second and thiid 
metacarpal bones. 

The feet, however, show aiippression of toes, and suggest a 
two-toed ty[je. The picture of the right foot is indistinct owing 
to trembling of that member daring the exposure. It is interest 
ing to note that the other foot and the hands were not affected 
in a similar way, but were perfectly steady — a fact which may 
possibly point to some nerve instability or otlier local peculiarity. 

The two Figures 7B and SO are from a girl of twelve nntler 
Mr. Reeves at the Eoyal Orthopiedic Hospital. The thumbs are 
absent in both hands^a rare congenital deficiency. In addition, 
the left arm, which is rudimentary and much shorter than the 
other, shows a remarkable condition of bony skeleton. Humerus, 
radius, and ulna are blended into one long bono, with an out- 
standing spur at the site of the obliterated el bow- jo int. Tlie 
fifth left metacarpal is partly developed. 

Some interesting developmental defects with radiographic 
pictures were shown at the West London Medico-Chirurgical 
Society, March 3, l!<'J9.* They included both proximal and distal 
deficiencies of the limbs. Four princiital explanations have been 
advanced: (1) Interference with arteries; (2) nerve disturbance; 
{3) intra-uteriiiR ninpntation ; (4) reversion to ancestral type. 

Dr. G. T. Beatson has described a congenital deformity of both 
thumbs in a girl four years of age. t The radiographic picture 
reproduced iti Fig. 79 shows an extra wedge-shaped bone between 
the first and terminal phalanges of the thumb. Both the end 
phalanges were bifid. There was a family history of extra digits 
and toes and broad thumb and great-toes, and also of webbing. 
The father's thumbs were not bifid at the end phalanges, but the 
terminal phalanx of one great-toe was partly bifid, with two 
distinct nails. Dr. Beatson ipiotes the statement of Coats that 
'deformities of fingers and toes are to a certain extent interchange- 
able, the one being transmissible from the other.' He also men- 
tions Gegenbauer's definition of the atavistic view, namely, ' tho 

• (Cm* Londtm. .Ved.-Chir. Joumai, April, 189B. 
t StMuih Med. anil Surg. J/mntal, December, 1SB7. 
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reappearance of a more primitive organization, or a revoraion to a 
primary 8tal«.' With regard to his own case, he considers it fair 
to aasunie that, looking to the family history of hyperdactyly, 
the extra hone founil in the thnmhs of his patient was the 




rudiment of another finger, and that the hifurcation of the ungaal 
phalanx iiidit-ated how the process would have been completed 
had it gone on to a full termination. 

Congenital absence of the clavicle is a rare deformity, an 

which was went to the ^vriter by Dr. George Carpenter. 



? 



Dr. irulnli. 

Fia. 80.— Mr. Rikves' Cabb of Deforucd hsrr Upfkb Limb, saowmu Bost 

OuTGRonTH rauM MtinHCs AN[i DETiaiENOT OF Elbow-joint akii Bonbb 

Right hand Hhown in Fig. 78. 
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Fio. 82.— Fk.et of s,imb Patiknt. skuwisu SupI'kesmo.n 

FU9IHIBLE KkTKBSION TO Th'O-TOKU 'EiW. 

Tiemor of UDe foot during CKyoKMie. 




FfO. 83. — HaLLOX VAtOFH 

Sabluxntion Oatwiirds of Proximal Phalanx at Grm 



MEDICAL AND SURGICAL APPLICATIONS 

The follou-iiig is the description of a radiogram taken of the 
case:* 

'The Kontgen photograph of this case was taken with the patient 
lying on her back, and the focus tube at a distance of 12 inches 
from the sensitive plate ; exposure two and a half minutes. 
Several abnormalities appear in the photographic r«;ord. The 
first point that strikes one is the apparent absence of clavicles ; 
but on closer inspection the shadow of tu'o fragments can be seen 
lying in the position of the sternal ends of the coliar-bones, that 
on the left side being longer. These shadows arc so faint that it 
is unlikely they can be reproduced on a process block ; their faiiit- 
ness is due to the fact that they are near the ft«us tnbe.t No 
trace of the outer side of the clavicle can be seen on the right 
side, but on the left there is a faint shadow on the photograph, 
which, from its siiie and position, suggests a cartilaginous rudi- 
mentary clavicle, with a more or leas ossified inner end. The 
transverse process of the last cervical vertebra is so enlarged as to 
approach to a cervical rib.' 

This patient, a girl of eight, also showed a depression in the 
upper part of the sternum. She could bring her shoulders 
together bo as to meet in front of the chest. Her family pre- 
sented the following abnormalities ; Father had both clavicles in 
two pieces, the inner ends of the sternal fragments overriding. A 
brother, aged fourteen, showed a prominent arch forwards of left 
clavicle, and division of right clavicle, with inner fragment over- 
riding ; his last cervical transverse processes were prominent, 
especially on the right. Another brother, of nineteen, showed a 
prominent kink in both clavicles, but no division ; his sternum 
showed a depression the size of half an orange. A sister, aged 
twelve years, had a divided right clavicle, with overlapping sternal 
fragment and an enlarged right transverse process of the last 
cervical vertebra. Another brother, of sixteen, had normal 
clavicles, but enlarged lower transverse ceniea! processes. 
Another sister, of five, was normal. Laatly, a brother of seven 
had a divided right clavicle, the ends of which were closely united : 
both the lowest transverse cervical processes were prominent. 
There was a history of club-feet in two of the family. 

Dr. Carpenter gives references to seven published cases. To 
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iheao may l«3 added one described by Dr. Schoratciii,"' and pul>- 
lished witj) an excellent full-ptge illustration of the plate taken at 
the Lontlon Hospital. 

Oervical ribs can be readily demonstrated by the raya. A 
good caae was recently described by Mr. Herbert Alderaon, M.B.1" 
The patient was a young lady twenty-one years of age, who com- 
plained of a swelling on the right side of the neck. A Kontgen 
photograph taken by Dr. F. H. I^ow showed two cervical ribs, 
that on the left being rudimentary, and coiiBisting merely of head, 
neck, and tu!>erclo, articulating with the tiausverae process of the 
seventh cor\-ical, but without a shaft. The right rib was more 
developed, and possessed a shaft that passed downwards beneath 
the clavicle to the first intercostal apace, where it appeared to join 
the second lib by a cartilaginous union. The shaft was divided 
by what seemed to be a false joint, which, from the history, might 
have been the result of a fracture. 

Mr. Alderaon quotes Professor Grul>er, who collected seventy- 
six cases of cervical riba in forty-five individuals, reconied between 
the years 1740 and 1809. To that number he adds a case met 
with in 1830 by Dymock, and published in the EdiiJmnjh Medical 
and Sufi/ical Journal, vol, xl. ; and another in 1896 by Warren, in 
the Boston Medical and Surgieal Journal. 

To the foregoing may be added two fully -recorded cases by 
Dr. Daulos and Dr. Bonnarme.I Both were on the left side, the 
anterior end l<eing free in the one caae, and in the other having a 
subclavicular attachment, which appears not to have boon exactly 
defined, but did uot involve the collar-bone. 

Anatomically, the vertebra is developed fr'om eight points of 
ossification, three of which arc primary and five secondary ; 
sometimes it possesses an additional or costal centre of ossifica- 
tion. In the seventh cervical this makes its appearance in front 
of the transverse process, with which it usually unites about the 
foiulih or fifth year. The abnormal development of this costal 
centre constitutes the cerWcal rib. 

M. Blanchard has classified cervical ribs thus : 

1. A complete rib, extending Hiiect from the seventh cervical 
vertebra to the sternum. 

2. A rib with cartilage joining that of the first rib. 

• LaKcet, JnnimiT 7, 18B9. 

+ BritUh if fdicfil Journal, Uvc«niber 4, 1898, ji. leMS. 

t ' Lea Rayons A',' Paris, Nam. 2 and 3, Femisr, 1S9S. 




MEDIOAL AND SUROIOAL APFLIOATIONS 188 

3, A rib with two osseous portions joined by fibroiis tissue. 

4. A rib with free end. 
It is likely that ccri'ical ribs are relatively more common than 

I recognised by anatoroiata, and that many aiieh caaes will be 
' discovered by the Eontgen methods. The diagnoais is of some 
importance, as the abnormality may stimulate aneurism or bony 
and other tumour, and may gi\& rise to various symptoms by 
pressure upon nerves or bloodvessels. 

Dress deformities may bo demonstrated in a striking way by 
the Kiintgen rays, which should place a new weapon in the bands of 
the advocates of rational dress. Thus, the distortion of the ribs 
due to the wearing of tight stays lends itself to this Idnd of illus- 
tration. Some time since a series of auch radiagrams was shown 
to the Acadi5mie de M(5decine bj' Madame Gacbes-Sarrante, a 
Paris physician. The Queen of Portugal ia said to have produced 
some x-ray work in a similar direction. Boot deformities are also 
readily demonstrated, whether they take the form of dislocated 
phalanges, Iwno distortion or damage, bunions, or damage to the 
tarsal arch. The anatomical relations of an overriding second 
toe, with the condition of great-toe known as hallux ('algus, can 
be studied in Fig. 8S. 

The various deformities due to hypertrophy and other changes 
in the structure of bono, as in rickets, gout, syphilis, Charcot's 
disease, have been already spoken of. They are all open to 
Kiintgen ray exploration. The deformity of a hand due to rheU' 
matoid arthritia ia discussed on page 166. 

^^^B (') Diseases of Bone 

As a bone casts a de6nite shallow under the Kontgen rays (when 
not obscured by the mass of surrounding tissues), it follows that 
bony outgrowths will do the same. In this way one can get a good 
x-r&y record of osseous thickenings and exostoses. An outstanding 
enchondruma, when it consists of pure cartilage, will throw a faint 
shadow with a short exposure. As the growth, however, becomes 
ossified, it gives rise Co a denser tracing on the sensitive plate. 
SubporioBt«al thickenings, as in syphilis, may be readily demon- 
strated by means of the raj's, and also the hyperplastic conditions 
Kth in rickets and in Charcot's disease. 
)od example of ossifying enohondi'oma is shown in l-'ig. f^.i. 
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^^H II was taken from a. man of about lifty who had sustained an injury ■ 


^^" to the hand many years previously. On a ray photograph the 1 


tumour presented the appearance shown in the figure. From its | 






generally light shade, wo may as- 






sume it to be composed cither of 






spongy bone or of cartilage that 


^^m 


^^ 


has undergone partial ossifica- 






tion, the areas of the latter being 


^H 
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shown by darker niottUngs. An 
interesting point is that the 
foi'm of the growth is distinctly 
traceable where it overlies the 
ilai-ker phalanx. This lighter 
colour may be due to its replac- 
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^^^^^^^^H by new spong}' bone. A 1 




^^^^^^^^^^^^^ somewhat similar appearance f 
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to be found in Fig. 34, where 
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absorption of the outer shell of 
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the bone has followed the im- 




pact of a bullet. As already 




remarked, the record of spongy 




bones, such as the sesamoid, is 


r B^^kn 


comparatively faint in ooropari- 


son with that of the mcdullated 


bones, an appearance that may 




\-<} due to the relatively less 




amount of lime salts present. 




Tliis difference is well shown 




in the pelvis, where the sacrum. 


11 light spongy lione, appears 






faint by contrast with the deep 
shadows of the solid and com- 
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FfiLLowiNo 'iNJi-tiy. pact iliac bones. Another ob- ■ 


MeBsra. Allen >nd Hanbury. servation that appears to bear 1 


upon this point is that of M. 1 


Potain, who recently reported to the Paris Academy of Sciences 1 


the occurrence of light spots on the radiograms of gouty bones.'* 1 


• iUdkal Pre»s aad Cinular, Marcli 10, 1897. [■. 2Jfl. 1 
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I FreBumnbly, the compact tissue is more or less altered at the point 
\ tsi projection of these tophi. 

I This gouty translucency, if Buch a term may be applied, was 

[ explained by M, Potain in the following ingenious and suggestive 

I manner ; ' The change appears to be due to the substitution of 

I urates for phosphates of lime. Comparing the different salts 

which enter into the composition of bone, they are found to be 

f differently permeable to the RcJntgen rays. Phosphate and 

carbonate of lime and chloride of sodium are little permeable, 

[ goda and magnesia more so, and urate of Hme still more. By 

I making use of two caniboard boxes, the one filled with urate 

of lime and the other with tribasic phosphate, and submitting 

them simultaneously to radiography, it is easy to ascertain that the 

urate of lime is eight times more transparent than the phosphate, 

L because a precisely similar shade is only to be found where the 

thickness of the latter is eight times leas than that of the former.' 

In gouty bones, then, M. Potain concluded that the points 

[ where urates are substituted for phosphates become more trans- 

V parent to the Riintgen rays. He further stated that the osseous 

I thickenings due to chronic rheumatism or rheumatoid changes had 

&n increased opacity. If these observations be correct, it follows 

that it is possible by means of the focus-tube to distinguish 

whether bony enlargements are the result of gouty or of rheuma- 

I toid changes. Assuming that the latter enlargements are more 

r opaque, that condition must be carefully distinguished from the 

I general atrophic state of the bones mentioned when discussing 

\ the hand affected with chronic rheumatoid arthritis, shown below 

I in Fig. 86. 

\ M. Potain has made the following practical application of his 
I conclusions : ' In subjects affected with nodosities of Heberden, 
I » lesion of which the youty nature is still a debated question, 
l-Tery distinct transparent spots are found at the level of the 
I {dial&nges, which appear to decide the dispute in favoui- of those 
I who consider gout the primary origin of the affection.' 
I As regards the outlines of bones, then, the Riintgen rays may be 
I BXpectfid to he useful in the hypertrophies due to syphilis, enchoU' 
\ droma, rickets, gout, and rheumatism, and also in the important 
E elase of subperiosteal thickenings. Thus, Heller has report«d* a 
[case in which a deposit of bone at the margin of a periosteal 

• DraU. Med. lyoch., 1898, xxiv., p. 74. 
L 14—2 
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' gumma was clearly shown by a Kiintgen ray photogiaph. A 
beautiful example of a gumma of the ulna was exhibited at tho 
1898 meeting of tho British Medical Association by Drs. Eainy 
and Stiles. It showed an irregular* erosion of hone in tho centre 
of the growth, and a fresh formation (sclerosing osteitis) at the 
edges, and presented a clear picture of the macroscopical changes 
that were taking place. 

I The opacity of the rheumatoid peri-articular deposit is often 

I well shown in a stilf ankle, while the opposite or general atrophic 
condition in the same disease is conspicuous in the accompanjdng 

, radiogram, kindly plaeed at the disposal of the writer by Dr. J- K. 
Philpotfl (Kg. »6). 

The subject of the photograph was a lady, aged ibirty-one, who 
had suffered from the disease since the age of thirteen. Her 
father and mother both suffered from rheumatism, and a sister 
from osteo-arthritis. Her lower extremities were first affected, 
but later almost every joint of the body had been invaded, and 
some permanently stiffened. 

On comparing the biines shown in this radiogram with those of 
a healthy hand, a marked difference will be at once detected. The 
rheumatoid bones look more fragile ; in point of fact, they are 
atrophied, a condition which renders them more penetrable to 
the rays. Indeed, from their appearance, it may he pretty safely 
inferred that they are deficient in bone salts. Their outline is 
sharper and darker than normal, and their substance lighter. 
Their relatively small size — that is, for a person of that age— ia 
doubtless due to the arrest of development from early disturbed 
nutrition. Their greater transparency can be best, seen in the 
fifth metacarpal, whereas the darker look of othei; bones is most 
likely owing to the greater amount of tissue to be penetrated on 
account of the clawed'Up hand. It will also he noticed that the 
bosses of ossified peri-artieular cartilage on the phalanges are much 
of the same shade as the body of the bone. All the fingers are dis- 
located from the meiacai-pals. The base of the first phalanx of the 
fore-finger is apparently fixed against the distal ends of the second 
and third metacarpals, but the bases of the middle and third 
fingers appear to be partly wedged between the third and fourth 
and the fourth and fifth metacarpal heads respectively. The 
plate shows how a radiograph will afford anatomical data for the 
• Lancrt, Ayril 15, I8B9. 
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Somewhat reduced. Dr. J. R. Fhilpot'i case. 
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e-vpUiiiitioti of such deformitiaa. At the same time, however, it 
Bhoiilcl bo bfirne in mind that the proper reading of the facts of 
the I'adiogram is W iio means always an easy matter. Lastly, it 
may be pointed out that the shadow of the thumh confuses the 
radial half of the figure. 

Mr. P^spin, of Newcastle, has noted a 

similar transparency in the bones of tuber- 
culous subjects. In one case — that of a 
youth of sixteen, with a locked wrist follow- 
ing injury — he found 'the bones iit the 
carpus ill-defined, and the ulna and radius, 
metacarpal lionea and phalanges, abnor- 
mally transparent.' The transparency was 
in marki'd contrast with the appearance of 
the bones of tbe other wrist. His second 
case was that of a young man whose 
radius had been previously removed for 
tulierctilar disease, and who had also 
suffered from a tubercular abscess. On 
examination, he found that all the Imneu 
of both arms and legs showed an abnormal 
transparency. 

Transparency, denoting malnutrition or 
atrophic changes, has been noted by various 
observers in such maladies as oateo-arth- 
ritis, osteomalacia, tubercle, and cancer, and 
also in the course of senile decay. 

Another instance of absorption of bone, 
apparently after abscess, is the following : 
The patient, a healthy man, about thirty 
yeare of age, was struck by a cricket-ball 
at the end of the right ring-finger, which ?*« h eI'i'ii v^&^t 
was painful and swollen for several months, Jqjm-. 

and ultimately became stiff. Except for 

aome awkwardness in writing, he suffered little inconvenience from 
the resulting deformity. Upon presenting himself at a Metro- 
politan hospital a radiogram was taken, which clearly showed 
osseous union at the terminal joint of the affected finger, while 
the baae of the second phalanx was hollowed out, apparently as 
[ the result of an abscess. From the view here given (Fig. UT) it 
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be inferred that any anion hetvreen the radial half of the 
joint surfaces is certainly fibi-ous, while that on the ulnar side is 
probably of the same nature. 

The bony changes that lake place in the various pulmonarj- 
and non-pulraonary osteo-arthropathies can be well demonstrated. 
A good Rontgen photograph of the hypertrophic non-pulmonary 
form of that coridiliori was shown at the Edinburgh British 
Medical Association meeting by Dr. Steven, of Glasgow. The 
differing texture of the new and the original bone was well 
demonstrated in the record of the fresh osseous formation round 
the shafts of the radius and the metacarpal bones. 

In subperiosteal thickenings the difTcring density of the new 
■and the old bone is 'readily revealed by Hontgen methods. This 
jOonti'ost is especially coriapicuous in cases where necrosis of the 
ihaft is surrounded by an irritative hyperplasia of periosteal bone. 

Hsemophilic Bone OoaditioDs 

The joint changes rout with in hiemophiha can be studied con- 
veniently by means of the rays. Tbese enlargements are not 
infrequently diagnosed as cases of tubercular arthritis until the 
diagnosis is cleared up by aspiratioB. In one instance* a leg 
was amputated under the impression that the knee was affected 
with quiescent tubercular arthritis, and the patient, a boy of ten, 
died twenty-four hours later from uncontrollable hfcmorrhage. 
l>r. Shaw gives an account of a case in the Bi-istol Medico-Vhirvr- 
^rut Journal (September, lt<97). He describes enlargement of 
elbows and knees, which were attacked with acute recurrent 
peri-articular effusions, preceded by sdnsory phenomena. The 
afflicted joints were found on examination to be in a con- 
dition similar to that of osteo-arthritia, but, unlike that disease, 
it does not attack the fingers and toes. The articular ends 
of the bones were much enlarged, the cartilages extensively 
absorbed, with well-marked • lipping ' (osteoplasia) at the edges of 
the articular surfaces. An accompanying Rontgen photograph 
showed great enlargement of the head of the radius, some Hpping 
at the edge of the sigmoid fossa of the ulna, and thinning of the 
articular cartilages. Other papers referred to are by Oreig Smith 
{Bruiol Medico-Chv-uriiical Jim-nal, 18S4, ii. 264) and Bowlby 
{SI. Barihohmnv's Social HtporU, 1890, xxvi. 77). 
* Mediral RKOrd, ISSS, xlix. 33S. 
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At the conversaeione of the Rontgen Society in November, 
198, the author showed aii ;r-ray photogrftph of two knoca, one 
which WM subject to recurrent haomophilic attacks. The 
case was aent by I)r. George Carpejiter. Ttie affected joint waa 
hazy and indistinct in contrast to the sharp definition of the 
sound knee. A similar haziness is met with in other chronic 
peri-articular affections, aa in osteo-aithritia and tubercular 
synovitis, also in inflanied pleura anil rheumatic muscles. 




Caries of Bone 



^^^B Mr. Noble Smith* pahlishcil an interesting case in which 
^^^^ieease of the cervical spine was revealed by the radiograph. 
Various diagnoses had been made of the patient's condition, as, 
for example, hysteria. The Rontgen photograph, however, dis- 
closed an irregular mass of bone replacing the upper four 
vertebrie of the neck. This evidence proved the existence of a 
severe lesion that had undergone extensive repair. Not only 
, it clear up the diagnosis of an obscure case, but it also 
elded important indications for future treatment. 
j In another case recorded by the same surgeon, a provisional 
• Briliali Mt-dicnl Journal, 1806. 
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diagiiosia of carips of the cen'kal vi-rtebrw had been suggesteil 
by the presence of torttcollia and other signs and ayniptoms. 
However, the radiograph showed coiiuhisively that the spine waa 
not affected. This negative result wari-antcd alternative positive 
coiiclusiuiia as to the nature of the malady, 

In some instances ostco-myelilia may be demonstrated by iho 
raya. However, aa pointed out by Geisaler, the rai'efactive change 
is in the majority of cases obstured by the shadow of the overlying 
necrotic layer. 

The bone changes of oateo-arthritia were well illustrated by a 
case reported to the Paris Academic des Sciences by Profeaaor 
Lannclonguc.* A patient at the HApital Trousseau had been 
affected for sei'Hral years with an osteo-arthritis of the knee- 
joint, which was atiehylosed in an extended position. The 
diagnosis was fully confirmed by a radiogram, which showed 
hypertrophy of the lower end of the fenuir, together with atrophy 
of the upper epiphysis of the tibia. Between the two bones a 
tight interval proved the absence of a bony union. 

Fig. 89 shows a ease kindly furnished by Mr. Lynn Thomas. 
The conditions of the knee joint proljahly resulted from a former 
tubercular synoritia. There ia extensive erosion of the tubercular 
surface of the femoral epiphysis, while the diaphyais ia apparently 
healthy. 

In a stiff Joint, bony anchylosis usually shows under the rays 
as a continuity of oseeous structure that is unmistakable. On 
the other hand, fibrous union, as we have seen, is inferred from 
the negative evidence of a light interval lietweeu the articular 
surfaces. Dr. Joachimsthal, of Berlin,! mentions a case in which 
a boy of sixteen had the knee excised. The site of the operation 
was examined by the Eontgen method eighteen yeara later, when 
the bones of the log and thigh were seen to Ikj welded together 
into one solid bone, bent al an obtuse angle. The compact tissue 
at the edges and the bars of the cancellous tissue both showed a 
perfect continuity. This adaptation afforded a good example of 
the change of structure and form that may follow altered function. 

New growths in the substance of bone may at times be photo- 
graphed by the Kiinlgen rays. The first case of the kind was 
recorded by Konig, who found a bi-ight spot, with dark contour, 
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the size of a shilling, in the upper part of the tibia to be due » 
sarcoma. Since that time many sarcomata of bono, central and 
otherwise, have beeti reported, some of them accompanied with 
fracture. 

Dr. Richardson of Philadelphia says that by the aid of the 
fliioroscope he has been able to walch the gi'owth of an osteo- 
sarcoma of the radius from day to day. His case is thus de- 
scribe.! : 

'General W , aged fifty -nine, had suffered for twelve months 

from a painful swelling of the right wrist. By means of the 
fluoroscope, the ulna was seen to be intact, tlie radius to ter- 
minate abruptly in the faint shadow of a carpal tumour. A thin 
sholl of the radius could be seen remaining. The diagnosis of 
oateo-sarcoma of the radius, made from the history of the case 
and from inspection and digital examination, was practically 
proved by the fluoroscope and the skiagram. A previous con- 
sultant hod assured this patient that the tumour was an aneurism 
of the radial artery. In a second skiagram, taken a month later, 
the shell of bone had entirely uisappearcd — a fact that demon- 
strated the l>ony origin of the tumour and the rapidity of its 
extension. The arm was amputated, and the disease proved to 
be an osteo-sarcoma of the radius.'* 

Dr. Kichardaon of Boston has reported a case in which ex- 
ploration of a tumour in the upper jaw of a woman of fifty-one 
revealed a sequestrum. Subseijuent operation brought to light 
further extensive 



H BoDea in Leprosy and Syphilis 

As an illustration of the unexj)ected way in which the j-rays 
come to the aid of science may be taken the researches of 
Dr. Ashmead, of New York.f For a long time there has been 
a dispute whether certain bone changes observed in Pei'u%ian 
mummies were due to a pre-Columbian leprosy, the existence 
of which he denied. In the absence of radiographic evidence 
of absorption of the bones of the hand anil falling in of the 
nasal bones, and of other bone changes coiniected with leprosy, 
be has confinntMl the view already an-ived at from other direc- 

* N«w York itediail AViw, Depenilwr IS, UBfi. 

+ The Can/tdian Joaraal of Medicine aiul Suiyirii, vol. v., No. 3, Murcli, 
1899. 
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tions that there was no pre-Columbiaii leprosy in America. The 
concluaioiiB of this most learned investigation, however, appear 
to point to the existence of pre-Columbian syphilis. 



(/) Other Surgical Points 
To ascertain Results of Osteoplastic Operation 

An interesting case is recorder! Ijy Howard Lillienthal in 
which both the desirability and the results of a bone ptaatic 
operation were plainly indicated by the rays. His patient had 
lost the use of a leg after a severe injury. A radiograph showed 
considerabls loss of substance of the body of the tibia. To 
remedy this state of things, the operation of tibio-lihtilar osteo- 
plasty was performed by cutting through the fibula, and bending 
it over to lie obliquely in the long axis of the gap in the shin- 
hone. The suceesaful result was proved some time afterwards 
by a Rontgen ray photograph, which revealed bony filling of the 
gap and restoration of the line of the fibula, with union of the two 
bones by an osseous liridge. 

An important point is that when a piece of rabbit or other bone 
has been transplanted, the surgeon can ascertain whether it has or 
has not become established in its new position. 

OssiflcatiOBS of various kinds can be detected. Examples 
are those occasionally met with in muscle, as the adductors of a 
rider or the deltoids of a soldier, known respectively as 'rider's 
bone' and the ' drill -bone.' Another instance is the ossified 
insertion of the rectus femoris musele in Charcot's disease. 

A remarkable case of progressive myositis ossificans was re- 
ported in the LanM" by Dr. R. Crawfurd and Mr. Harry Lock- 
wood. By means of radiograms, a tendency to ovcrgi-owth of 
normal prominences and processes was noted — « point of import- 
ance, as the new bony growths in the muscle are always in 
relation to the abnormal enlargements of protuberances. Micro- 
dactyly of the thumb was shown to be due to synostosis of the 
first and second phalanges. Another defoimity, described as 
hallux valgus, present in both great toes, was really caused by 
synostosis of the metaoarpa! bone and the first phalanx. The latter 
deformity has been noted so often in relation with the 
that the authors regard it as part and parcel of the mal.'uly. 
* Laiictl., April 15, 1899. 
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POBStficationfl of the costal cartilages are shown in old persons. 
One remarkable instance of premature ossification of the kind in 
« woman of twenty has been reported as disclosed by the rays. 

Calcification of aiteries has been shown in the neck and limbs. 
Atheromatous changes have also been frequently noted in the heart 
and larger deep blood vessels. 

The subperiosteal enlargements met with after injury in 
strumous subjects are well shown by the Rontgen rays. In one 
such case of ' strumous dactylitis ' a boy of fourteen suffered 
from a swollen finger after a fall some weeks previously. A 
photograph taken by the writer revealed a considerable periosteal 
enlargement of the first phalanx of the third finger. The eflTuserl 
material, however, was not opaque aa a whole, but showed a few 
granules, apparently of commencing calcification or ossification. 
The lower epiphysis appeared to be partly obliterated, probably 
owing to the tilting up of the inter-epiphyseal cartilage by the 
swelling of the fingei', whereby the direct jjassafte of the i-ays was 
prevented. 

{;/) Action of the Rays upon Micro organisms 

The Kclntgen rays do not appear to exercise any injurious effect 
upon micro-organisms. Numerous experiments have been made. 
Thus, Professor W. W. Keen, of Philadelphia, reports* of pink 
streptococcus, anthrax, Microfocms prodiffiosim, Micrococrus anus 
fiaws, Sarciaa uuraiUiaea, yellow sarcina, tubercle bacilli, that 
after exposures, first of half an hour, and then twice for fifteen 
minutes, neither lethal nor inhibitory effects wore exerted upon the 
cultnres. These experiments confirmed conclusions previously 
published by Dr. Davis in the same jonrnal. 

Bertont exposed bouillon cultures of the diphtheria bacillus to 
the rays for periods of sixteen, thirty-two, and sixty-four hours, 
but in no instance did he note any injury to the vitality of the 
organisms. 

J. Bninton Blakie, M.B.,f as the result of nutnerous experi- 
ments carried out at the University of Edinburgh, concluded that 
the Rontgen rays have no visible influence on the growth of 
cultures of the tubercle bacillus, and that the delicate chemical 
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stnicnire of diphtheria toxiiie, like the i)elicat« chemical stracture 
of the retina, is not affcctei by their vibratioiia. Similar con- 
chiflions were arrivud at hv Dr. Francis Pott with reg&nl to tUv 
tubercle bacillus, which were tuiafTeoted by exposurea of eleven 
hours' duration. 

DifVerent investigators have arrived at conflicting resulla. Thus, 
I>r. Kieder* ha« reportetl an inhibitive bactericidal action of the 
r-nya upon cultures of diphtheria and tuliercle bacilli, pyogenic 
cocci, and so on, with an exposure of one to three hours. He 
used various media on culture-plates beneath a sheet of lead with 
a round hole cut in it, and ao arranged that the rays of a focus 
tube fell on one portion of the culture. Ordinary light was 
excluded by covering the aperture in the lead with black paper. 
He found that the various organisms flourished upon that part of 
the plate sheltered from the rays by the opaque leaden screen, while 
on the exposed part beneath the circular aperture they wore 
either alaent or feebly developed. From the fact that the gelatin 
was not liquefied, he thinks that heal was not the inhibitive 
agent ; the chemical nature of the medium waa not alt«red, as 
shown by the fact that cultures eutwequently grew thereon ; and 
ordinary light had i>een excluded by the black paper. His experi- 
ments arc suggestive, and point to the poaaibility of inhibition of 
bacterial growth by the focus tube rays that are able to penetrate 
black paper, or to electrical influences, 

Boromot concluded that the rays are negative as regards 
chromogenic bacilli ; that they quicken the sporulation of B. m&- 
lilis, and retard that of B. anihraeu. At the fourth Congress for 
the Study of Tuberculosis, held in Paris in the autumn of 1898, the 
general opinion was that the rays possessed neither inhibitive nor 
destructive action upon micro-organisms. 

Drs. Norris Wolfenden and Forbes Koss made a series of 
experiments with BacUlus prodigiosus. They found that up to the 
Rfth generation the result of exposure of a culture for one hour to 
the x-rays was to increase the pigment-forming power, and to induce 
an exuberant growth. 

That electricity exerts a strong mo<ltfyitig and germicidal action 
upon micro-organisms is well known, and that fact may possibly 
constitute the fallacy of experiment which accounts for the con- 
trofiietory results reported by diftercnt observers. On the whole, 

• MUiuih. Hal. tVoeh.. 1898. No. 4, i., 101. 

t Bollat. delta Soc. Lane, dtgli Oap. di Roma, xvii.. par. i., p. 287. 
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the Ijalance of probability appears to be that the /'rays produce 
no positive effect upon miero-organiams, and that apparent ex- 
ceptions may be due to iiiHuences that have not been excluded by 
individual experiments. 

m. MAPPING OF SKIN SURFACES 

* In the course of certain experiments with the Kiintgen mys the 
writer found that it was possible to obtain a record of the coarser 
fissures of the akin surface. The primary object of investigation 
was to note the results of radiographing in dhi. the commoner 
pigments and drugs applied to the skin. It was found that oxide 
of bismuth, powdered freely over the back of a linger, gave a good 
tracing of the creases over the knuckles. Following up this clue, 
a fairly perfect record was obtained of the skin surface, as shown 
in the ptate at the beginning of this book. The best results were 
secured by kneading putty into the skin, tben working up the 
surface with glycerine, and finally gently and smoothly nibbing 
with subnitratc of bismuth. 

As to the practical value of such a skin map there is little to 
l>e said at present. That a record can be obtained in this way 
of every local peculiarity seems to be undoubtedly proved by the 
plate ; over the phalaiix of the thumb a small convoluted cicatrix 
of the surface markings could be clearly seen in the original by 
means of a lens. Such a permanent recoi'd might be of value in 
the identification of criminals, after the fashion invented by 
M. Bertillon, of Paris. It seems more than likely, however, that 
a similar end may be obtained by far simpler means. A reference- 
to the frontispiece of this book will show that the addition of the 
surface markings gives a striking perspective effect that is wanting 
to the ordinary ratliogram. The lines are eviilently due to the 
heaping up in the furrows of a substance opaque to the rays. 
Under the stereoscope the radiograms of a hand prepared in this- 
way yield a most striking effect. 

The surgeon does not always find it easy to cut down upon a 
needle, or other small object, even when it has been precisely 
localized by a Rontgen ray examination. In those parts of the 
body where well-marked skin fiurows are found, it would be easy 
enough to reproduce them in the manner indicated. In that way 
a complete surface map, with lines of longitude and latitude,, 
would be available as a guide to the knife of the operator. 
* From tlie BrUUk iledieal Joanud, Maroh 27, 1807. 
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B. DENTAL SURGERY 



Now and theu great pnictical help may be derived from the 
Eontgen rays in dental surgery. The teeth offer greater resist- 
ance than Iwne, aiid hence throw- a distinct shadow wlien om- 
bediied in the less dense osseous substance. A good idea of the 
Rcidtgeti ray photographs obtaiued from teeth can be gathered 
from the teeth shown in Fig, 90, taken from a private collection. 
They illustrate various pathologicul conditions, and may be briefly 
described, taken in series from above downwards, and in lines from 
left to right : 

1. Upper molar, showing exceptional size uf fangs and lateral 
carious cavity. 

2. Upper molar, with carious cavity, nerve cniials well shown. 

3. Molar with carious cavity. 

4. Molar with exostosis of fangs. 

5. Upper centml incisor ; exceptional duvelopnieat of fang. 
Firmly united to its iimor surface is a supenmmei-ary tooth, 
faintly outlined in the radiogram. 

6. Bicuspid : cavity of decay communicating with nerve 

7. Upper central incison showing sphere of erosion, which is 
indicated by a faint shadow at the neck of the crou-n. This 
curious pathological condition, the cause of which is not exactly 
known, is in its usual site partly alxive and partly beneath gum. 

H. Upper bicuspid : eccentric distortion of fang. This shape is 
the result of pressure of neighbouring teeth in jirocess of develop- 
ment. Absorption going on in centre of single fang is indicated 
by the darker area ; that is, the thin plate of tooth substance has 
oDered little resistance to the rays. 

9. Upper central incisor : half the fang absorbed ; small carious 
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cavity. This tooth is extremely opaque, shoivii by its relative 
white look and absence of dental canal tracing, a condition 
probably duo to its necrosis. 

10. Lower molar, with large amalgam stopping reaching nearly 
to apex of fang; that is to say, the filling is nearly all beneath 
the level of the gum. The metal shown by dense white patch. 
Compare this absolute density to the Riintgen i-ays with that of the 
preceding tooth. 
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11. Pemianctit upper molar: fangs atwortied by jiressurc of 
wisdom tooth, which was imijactcd between thciu. 

12. Wisdom tooth: fangs sharply hooked. 

13. Lower molar, showing convergent fangs and carious cmwn, 
rendering extraction difficult. 

Mr. Frank Harrison piiblished some of the earlier i-adiogi-amd 
of tcetli (« dill. In the Joimuil of Ihf British Dmtal Js^im-i'tlhn 
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of the lower maxilU of a girl of seven. The milk-teeth niili 
their pulp-cavities and fangs ore clearly ^nsible, while Iwlow the 
roots of the first and flecond temporary molars are the permanent 
first and second bicuspids enclosed in their respectii'e bony erypta. 
The internal dental atnictures of the lower jaw were displayed 
well-nigh as distinctly as would have )>een done in a dissected 

Mr, Harrison observes : ' The a'-rays promise t« be of great use in 
dentistry, and will enable the dentist to observe in living tissues 
what was possible only a short time ago in the dead subject. 
The genesis of the teeth, the construction of artifieial crowns, the 
anomalies of roots, the difKcult eruption of teeth, and many 
other conditions of organs which are enveloped in tissue opaque 
under ordinary conditions, become visible by the illuminations of 
the s-raj's,' 

Dr. Kolle, of New York, has invented an ingenious little instru- 
ment for examining the teeth and alveoli, the dentiaskioscope, by 
which the operator is enabled to inspect teeth and their roots. 
one by one, with ease and comfort both to himself and to his 
patient.* It consists of a small fluorescent screen within an 
aluminium case, so placed that the screen-image is reflected upon 
u mirror, which the operator views through a tube. For takuig 
photographs the screen is replaced by a protected sensitive 
film. 

A number of interesting cases have been published from various 
parts of the world. Thus, Professor Amoedot figured a lower 
jaw in which a wisdom tooth was planted at right angles to its 
proper axis, with the fangs buried in the ascending ramus. In 
the same journal M. Saussine; described a I'aro case in which 
an upper lateral incisor in a child of twehe lay horizontally in 
the bono with the fang pointing backwards. By an x-ray examina- 
tion it was ascertained that the fang reached within 2 millimetres 
of the floor of the nasal fossa, and the appropriate treatment was 
indicated. 

In one important particular the rays have proved of great 
service to the dental surgeon, namely, in the defomuties of the 
jaws due to or connected with non-erupted teeth. In such cases 
he can ascertain with e.\aetitade the position, shape, and size of 
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the teeth within the bone. From the iuformntioii thus gu,inod hu 
ia able both to plan and to perform his surgical operations with 
exactitude, whereas luidcr previous methods the most skilful 
mau had to act upon probabilities. Lastly, two pathological 
conditions in which the new method will be now and then in- 
valuable are the tooth-bearing cavity in the substance of the jaw, 
known aa the ' denligerous cyst,' and abscess of the antrum. 

The method to be pursued in securing an jr-ray photograph of 
the teeth in the living subject has been already described on 
p. 69. 
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C. NASAL AND THROAT SURGERY 

Treke are several ways in which the specialist in tinse ikkI 
throat diseoaeB nmy gain usofiil infomiation from the rays. Foreign 
bodies may be detected in both cases. In the nasat cavity exostoses 
and abscesses of the antrum may be demonstrated either by a photo- 
graph or according to the method introduced by I)r. J. Macintyre, 
much on the lines of Knile's ' deiitiaskiascope.' 

In describing this methoi.] of examining the hard and the soft 
tissues about the bones of the face, and those of the neck and 
larynx, Macintyre writes; 'The fluorescent screen is placed inside 
the mouth, and the lamp outside. Small discs of glass are coated 
with the salt and covered with ahmiiiiium, or, again, tougue- 
depressors, consisting of flat strips of glass covered and coated 
in the same way, may be employeil. By placing the tube outside 
I am able to get an image of the septum and other parts of the 
cavity of the nose on the Huorescent screen in the mouth. In 
the same way the roots of the teeth may bo seen. If the surgeon 
desire to examine the parts below or abos-e the jaws he simply 
puts the Crookea' tube below or above, ami passes the rays 
through the tissues. If he desire to examine the tissues ex- 
ternally^that is to say, to pass the rays through the neck — he 
places a small fluorescent screen on one side and removes the 
Crookes' tube to a suitable distance. By this means I have been 
able to demonstrate the presence of foi-eign bodies, and need 
hardly add that they are more easdy photographed.'* 

Monnierf was able to discover by means of the Eontgen 
rays the cause of a chronic nasal suppuration, accompanied by 
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epiphora on ihe same sido. The trouble was due to a kcryuiiil 
sound that had been broken off, ami remained in the lower part of 
the nasal duct for no less a period than forty-two yeare. Partial 
occlusion of the trachea from the pressure of an enlarged thyroid 
gland has been reported, also cancer of the iMsophagus. 

The rays have not hitherto achieved much in the ear, but it is 
likely that abscesses in the mastoid region could be detected. At 
the R<intgen inaugural meeting in Noveml)er, 1897, Mr. Griffith 
Wilkin showed some good ray photographs of detached temporal 
bones. The present writer has obtained excellent figures of the 
semicircular canals in infants. It seems likely that the presence of 
inter-cranial abscess in that region might be ascertained and its exact 
whereabouts localised for surgical purposes. 
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D. MEDICINE 



IV. REGIONAL 

(") Thorax and Abdomen 

It is stiil true thai thu most striking pnictical applicationB of the 
rays have been made in surgery, but at the same time there can 
bo little doubt that the future has in store a brilliant field for 
Eoiitgen photography in elinical meilicine. In the thorax a great 
deal has been aehieved liy demonstrating changes in outline of the 
heart and aorta, as well as in the substaTice of the lungs, modiastina, 
and pleura. As to the abdomen proper, results have so far not Iteen 
very encouraging — at any rale, in the adult. It may be confidently 
hoped, however, that before very long we shall lie able to explore 
all intenial regions with fair accuracy. 

Good results as to internal organs can be obtained in the 
case both of small lower animals and of children. In the iUus- 
tration of the half-grown cat (Fig. 91), the windpipe and its 
divisions into bronchi bifurcating in the substance of the lung 
are well and clearly shown. The heart is outlinwi in front of the 
chest, and, so far as one can judge, the bones of the sternum are 
visible through the less opaque cardiac substance. The delicate 
shoulder-blade is well recorded, and the lower margin of the 
thoracic cavity sharply defined by the edge of the midriff. In 
the head, the fangs of some of the teeth can be seen in their 
bony sockets, especially in the molars of the lower jaw. The 
cartilages of the nose and the ears are faintly shadowed, and 
various muscular and tendinous structures can be made out in 
the neck. 

The abdomen of this cat was by no means so clearly mapped 
out by the rays, but, nevertheless, contained several valuable 
indicationa. The main mass of the liver, for instance, was 
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sharply outlined in its upper, but diffuse in its lower mai'giii, 
while 3, light apace beneath it corresponded with the stomach. 
The broad light biiiid that curved from the centre of the iliaiihi-dgm 





Redumi oue-Iialr. By Mr. Cox, Parkslone. 

to the lower part of the lumbar spine appeared to represent large 
intestine. Other convolutions of intestine irere clearly shown, 
especially in the case of a coil of gut that had an extremely light 
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record near tbe polns. This knuckle of intestine had, most likely, 
been full of gas, and had lain close to the Bui-face of the Benaitivc 
plate during exposure. 

The tendons, passing from the leg to the os calcia behind, and to 
the inRtep in front, were plainly pictured in the original print. 

This photograph lias been dwelt upon at some length because 
it gicea a goo<l idea of what may be hoped for in the future. It 
was taken with a powerful coil, giving a spark of over a foot in 
length. Its clearness of definition was largely owing to the fact 
that the animal was deatl, so that there was no blurring of the 
shadows by the circulatory or respii'atory movements. There 
seems to be little reason to doubt that what is possible with 
lower animals will before long be attainable in the ease of living 
adult human beings, so that all deep-seated organs will be 
brought within the reach of this new method of exact investiga- 
tion. Ill other words, the lUintgen rays will some day render to 
medicine services not less conspicuous than those already conferred 
upon amgery. 

Dr. Macintyre,* who was the pioneer of deep tissue work in 
this cotintiy, has laid down the following rule* ; (1) A powerful 
current, 30 to 33 amperes, is necessary, so as to take the photo- 
graph instantaneously. (2) The transformer needs a large coil, 
which will give a 6, 8, or 10 inch spark. (.■)) It is best to use a 
small focus tube, which may require prolonged heating. (4) Rapid 
exposure is alwolutely necessary. (5) A mercuiy interrupter is 
useful, instead of a spring. He usually places the lamp alraut 3 feet 
from the sensitive plate. This distance gives a well-defined shadow, 
but requli'es a strong light. 

Dr. Campbell Thomson, t Medical Registrar of the Middlesex 
Hospital, some time ago obsen'ed that the fluorescent sci-een is 
tpiicker and better for clinical purposes. By that means it ia 
possible to clear up many difhcidtics, such as exist in aneurism 
both of the heart and of the first part of the aorta. He haa 
given several valuable practical hinCa upon chest radiography. To 
get a fixed location-point, he suggests a metallic button placed 
over the nipple, to which It may lie secured by a piece of sticking- 
plaster. In oi-der to secure a record of what is seen in the fluoro- 
scopc, he fastens to the hack of the fluoreaeenl screen a sheet of 
white paper, through which the rays would of course pass. He 
• L'uiat, Au'^ust ii. ISad. t /6"'., Outober 10, 1898. 
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then slides a Hat metallic pen or pencil l>etween the 
the paper, and on the latter he Iracea the outline as projected in 
the fliioroscopc. It need hardly be added that to carry out this 
manceuvre the oliserver would have to continue looking at the 
screen, so as to ascertain and control the movements of the 
opa(|Ue pen or pencil. 

The shadow of the heai-t is lighter at the pulsating margin. 
Between it an<l the liver, upon taking a deep breath, a light 
interval appears. From the front of the chest the whole of the 
cardiac outline can he seen ; hut much less from the hack, as the 
Wew is obstructed hy the spine. From the back a definite shadow 
with well-marked extei'ual border can be seen on the left, and 
a, smaller and less intense shadow, oorres]}onding to the right 
auricle, on the right of the spine. Outside the body the valves of 
a heart emptied of blootl can usually be well seen. Sometimes 
the valves, particularly of the right side, can be seen in situ in 
the living subject. 

With the fluoroscope on the fi-ont of the chest, the position 
and outline of the heart is materially altered by deep inspiration. 
The normal state of affairs is thus well deacnbed by Dr. F. H. 
Williams ;* ' In health the diaphragm lines move as follows : 
Quiet breathing, j inch ; full inspiration, ^^ to 3 inches, a little 
more on the right than the left side. Tn health the outlines seen 
on the left of the sternum are as follows : A part of the aorta 
in some patients may be observed in the first intercostal space ; 
in the second intercostal space a portion of the pulmonary 
artery ; the left border of the I'entriclc is chieHy seen in full 
inspiration when the apex and a portion of the lower border 
are also visible ; the maximum pulsation is at the point coiTe- 
sponding to the canity of the ventricle, about where its outline 
crosses the fourth rib ; during full inspiration the heart mo\'ea 
downwards towaitls the sternum. To the right of the sternum 
the outline of the large vessels is seen, and, less distinctly, the 
right auricle lietween the second and fourth ribs.' 

From the front, then, the heart-shadow fuses on the left with 
that of the sternum, beyond which the right auricle projects 
from the third to the fifth ribs ; on the right the auricular and 

* 3(<« PaiwL' nt Muntreal MoetJiiK, Bi'itinh Medical AiuocMtioo, by K. H. 
Williaiim, M.H.. liiHiton. U.S.A.; llriHah Medical Journal, April 16, lSa8, 
p. lOOS. 
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ventricular line runs with a bold indented curve from the second 
to the sixth ribs. This latter line is raised and pushed upwards 
and outwards by the riKing of the diaphragm in expiration. On 
the other hand, it is elongated and carried downwards and 
inwards towards the sternum in forced expiration, when a light 
fine falciform line or a brond hand defines the apex and more 
or less of the lower Iwarder. Ordinarily the lower portion of the 
heart-shadow merges into that of the liver. 

The shadows, whether seen from the front or the back, can 
be conveniently recorded on one of the author's fliniual diagrams. 

If a photograph be taken of the whole heart, it is best taken 
with the sternum next the tube. 

The original of the accompanying radiogi'am of the thorax was 
taken early in 1897 from a boy of fouiteen, lying on his back. 
The exposure was twenty minutes, distance of tulw from plate 
30 inches, spark 6 inches, Apps coil, A similar result would 
now be obtained in a jieriod of, say, half a minute up to three 
or four minutes. 

It should be borne in raind that fluoroscopy is an art that 
requires patient etiidy. The education of tbc eye to recognise 
objects of varying opacity on the screen can be obtained simply 
and solely as a matter of pi-acdce. A similar observation is to 
a less extent true of the rending of ray photographs. Nor is it 
less obvious that the physician who wishes to avail himself of 
this branch of diagnosis must make himself familiar with the 
screen ap[iearancos of the heai't and gi'eat vessels, HTid their 
relation to the cheat walls and midrifl^ as above described. He 
must also learn to appreciate the variations of shadow produced 
by shifting the focus lube or the patient. 



{!') Heart and Great Ves3el3 : Aneurisms, Enlargements of 
Heart, and so on 

The fact that the lungs are full of air and easily [jernieable to 
the rays makes it possible Co get a good outline of the human 
heart. As the result of a. number of experiments on the dead 
body, Poch demonstrated to the Vienna Gesellschaft in January, 
1897, that it was possible in the empty heart to make out the 
valves and Irabeculie as clear spaces against a darker cardiac 
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background. \\''heii the heart, however, was full of water or of 
blood no such differentiation conld Iw made. 

This relative opacity of blood is an important quality so far as 
concerns the Rdntgeu diagnosis of alterations in the form of the 
heart and blood vesaela. The reason why a bloodvessel should 
resist a long exposure is obscure. We know that after prolonged 
exposure both biliary and uric acid calculi will cease to cast any 
shadow, while a rib nearly ceases to do so, and a phosphalic shadow 
becomes much lighter (Dr. Swain's experiment, p. 119). Mr. C. W. 
Manse ll-Moullin mentioned to the writer a case in which the 
abdomen was exposed for two boiirs. The bones loft no record, but 
the abdominal aorta threw a strong shadow. 

The future development of intei'iial photography by Riintgen 
methods will greatly depend on the quickening of processes. The 
widespread movements of respiration affect more or less the whole 
contents of thorax and abdomen, while the heart and great vessels, 
normal and abnoimat, are in a state of intermittent activity. 
Instantaneous photography, were it possible, would enable one to 
ascertain the exact position of aTiy movable internal part at any 
fractional time within its periodical range of movement. Thus, 
some forms of rapidly exparislle aneurisms arc recognisable on the 
screen, whereas they cannot l)e photographed; nor can the latter 
result be hoped for until the instantaneous photography of the 
thorax is ati accomplished fact. 

So far as concerns the respiratory movements of the chest and 
abdominal walls, the present writer has now and then obtained 
satisfactory results by causing the patient to fix the part to )» 
photographed by leaning it against a chair or other firm object, 
upon which the plate was placed. Thus in taking gall-stones or a 
tumour in front of the kidney, the patient stood upright and leant 
against a projecting angle of wall ; in examining an asthnuitJc lung, 
the patient sat astride a high-backed chair, against which one side uf 
the tboi-ax was pressed. 

Dr. Disan* has introduced an ingenious method of recognising 
alterations in the canliac outline. First of all he marked on the 
chest what should be the normal shape of the heart, and mapped out 
the area thus obtainoi with a copper wire, which he fastened to the 
ehest with onlinary plaster. He then examined with the fluoro- 
scopo in the following way : 

• D..mi)\ii,a .VfJiea! Monlhly, Fclmisry, 1897. 
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'At first the greatest strength of current obtainable from the 
apparatus is turned on. The observer then looks thrfiiigh the 
fluoroBcope, and gels the chief landmarka of the chest — aucb as 
the ecapnlii, rilw, spine and coinexity of liver— the wire being at 
the same time in view. The current is then reduced until the heart 
becomes visible. The fluoroscope is applied to a spot marked at the 
left of the spine corresponding to the fourth intercostal space in front 
of the chest.' 

In a case, under Dr. Cotiplatul, of doiibtEul deep aneurism of 
the cheat, the diagnosis was cleared up by the fluoroscope. From 
the front, alight hypeitrophy was nntt^l, anrl just almve the 
junction of the left caivliac border with the sternum n fainb 
indefinite shadow. From the iiack, a well-defined shadow was 
seen on both sides of the spinal column, at about the level of t^ 
fourth dorsal vertebra. On the right liorder this outline WM 
convex and pulsating ; the intensity of the shadow on that sid« 
was almost the same as that of the heart, while on the left it waa 
lighter and less definite. The evidence thus obtained converted a 
doubtful into a certain diagnosis. 

The pulsating margin of a non-cardiuc shadow in the thorax other 
than fluid, of course, points to aneurism. The observer, however, 
should remember that bulgings are not uncommonly found in th& 
aorta, and that movements may be communicated to tumours or 
oidarged glands. 

Aneurisms may at times lie detected by the rays in the thorax 
when their presence conld not be tiemonatnited by percussion and 
auscultation. Several cases of unsuspected thoracic aneurism 
revealed by the screen have eome under the obsei-\'ation of the 
present writer. In one instance he took a Kontgen photograph ol 
the chest of an elderly asthmatic of heavy build. A good-sized 
aneurism was seen in the left upper thorax, where, owing to the 
large and emphysematous lungs, it could not be diagnosed by 
oi-dinary physical signs. Indeed, an expui-ienced physician subse- 
C|ucntly denied in court that an aneurism existed. 

A dilated aorta can be seen from the back on the left side of the 
veitobral column. Bouchard says that when aortic insufliciency is 
present, pulsating aortic shadows are visible on both sides of the 
spine— that is, in the ascending and the descending portions of the 

Hypertrophies of the heart m\- readily cvumiuui! i 



UElilVAL AXil SURlllCAL .irj'LieATI'.lX!! 18P 

screen. In ihosc of thu left ventnclc the jipex elongates, and the 
clear space usually Been between the heart antl liver on deup 
inspiration is either diminished or disappeitra altogether. 

The screen phenomena of n'ght-aided hypertrophy are thus 
described by K^gnier: 'In hypertrophy of ihe i-ight ventricle, 
the heart, drawn down at the Iwse, t^-mla towards a horizontal 
position. W h«n the n<^hl vetitriclc undei'gous exi^essivo cnlarge- 
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nieut, there may be twisting around tho longitudinal axis of the 
heart, and the right ventricle is pulled to the front. One reeog- 
ntsoB that fact on the screen because the shadow of the right 
heart becomes more distinct when the patient is examined fi'om 
the back than from the front. There may also be a twisting of 
the heart around the vertical axis of the bwly, the l)age being 
direott'd liackwards ajid the apox to the front. Tliis twisting is 
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visilile when one examines the patient from the left side; the 
cardiac cone is then sharply shown in its whole length. In oom- 
penmtory hypertrophies of the heart from BClerosed arteries or 
renal cases, the auricles can be seen beating to the left of the 
sternum.'* 

Dr. R^gnier mentions a case which ho saw under Professor 
Potain. The patient suffered from acute dilatation of tlie hearty 
and the condition was registered on several Kontgen photo^'aphs, 
which, in spite of their want of sharpness, neverihelese enabled 
one to follow the gradual disappoai-ance of the dilatation and to 
preserve a graphic record of the occun-encc. 

Transpoaition of the Heart.^Many instances of this con- 
genital abnormality have been published. \Vhen the heart is 
pushed over to the left side by the pressure of effused fluid, it is 
readily seen in its new position. An excellent illustration of a 
right-sided cardiac displacement in pyo-pneuniothorax is given on 
p. 94. 

Bnpposed Action upon the Heart. — Mr. Bezley Thornei has 
made an iiitercating oliservation in relation to cardiac radiography. 
He noticcil that the heart shrank visibly after thirty minutes' 
exposure to the Riintgen rays. In one case the lessening amounted 
to no less than 2 inches in the long axis of the i-iscus, and 
1^ inches in the short diameter. There may, of course, be some 
fallacy involved in this observation. For instance, it is known 
that increased exposure to the rays or an alteration of current 
in many cases means greater penetrability of any given substance. 
So that the appearance of a light zone round the heart towards 
the enil of a long exposure might mean that so much of the 
muscle had become fully penetrated, or that the electrical condi- 
tions had changed. In either case the dark core would probably 
represent blood or dense muscular tissue, or both. 

Should, however, actual contraction be proved, it points to 
possibilities of importance. Without ventuiiug too far afield in 
abstract speculations, it seems tolerably clear that, assuming 
such contraction, there might be direct tonic influence on heart 
muscle, while traumatic injiiry to deep organs from the Rontgen 
exposures might be connoted. 

' ' RadioBcopie et Radiof.Tipbie Cliniqiics.' Dr. R^guier. Baillifire, Pftris. 
1808, 

t BriUih Molitn! Journal, rol. ii., ^i. 1238, 1886. 
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Atheroma of the Aorta 

Atheromatous patches have been demonstrated in the aorta, 
and are usually seen better on the screen than by means of 
photographs. 

An interesting study in therapeutics has been made by Pro- 
fessor Grunmach, By means of the fluoroscope be traced the 
action of digitalis upon the heart in aortic and mitral in- 
suQicieucies, and other conditions resulting in cardiac dilatation 
and hypertrophy. He also made the practical supgeation that 
the action upon the heart of various medicinal and toxic drugs 
might be studied by means of the Riintgen rays. 

I (c) LanffB and Lung Diseases : Pleurisy, Pneumonia, 

k Phthisis 

^■^On December 7, 1896, Professor Bouchard read a paper before 

ibe Prench Acadimie des Sciences on ' Pleurisy in Man studied 
by the Help of the Eontgen Kays.' He pointed out that the 
thorax, viewed from behind by a phosphorescent screen, when 
traversed by the rayw, showed to the ri^bt of the spine and 
towards the middle of the dorsal region a pulsatiog shadow of 
the heart. At the same time the liver could by means of its 
shadow be seen rising and falling in the chest cavity as it 
followed the respiratory movements. Apart from the shadows of 
bones, heart, and liver, the rest of the interior of the thorax was 
transparent. 

In a right-sided pleurisy with effusion, Bouchard found a 
darker shade on the affected side of the chest as compared with 
that of the sound. Further, the shadow indieated the upper 
limit of the effusion, as proved by percussion and by other ordinary 
methods of physical diagnosis. The tint, moreover, grew deeper 
from the upper border, where the layer of effusion was thin, 
to the lower part, where the shadow merged into that of the 
liver. 

In three chaes be also noted to the left of the vertebral 
column a triangular shadow, the base of which was continuous 
with the heart. This he explained as the mediastinum pushed 
over sideways to the left by the effusion. In a fourth case, 
retraction of the affected side had drawn over the mediastinum 
to the right, 

16 



192 THE RONTGEN RAYS IN MEDICAL WORK 

In a further communication to the Academy (December 14), the 
Professor remarked that, in most of the cases of pleurisy with 
effusion previously described, he had noted with the fluoroscope 
that the lighter area increased from above downwards as the 
effusion lessened. In one case, however, the apex of the ohest 
retained its shadow. This fact suggested consolidation of the 
lung at that spot, a suspicion that was confirmed by perooBaion 
and auscultation. In other instances tubercular deposits were 
localized by the same method. 

'In all tuberculous subjects,' writes Dr. Bouchard, * examined 
by the phosphorescent screen, I have established pulmonary 
lesions by a shadow, the area of which corresponded with that 
mapped out by other methods of physical examination, and the 
intensity of which was in relation to the gravity of the lesion. 
In two instances the appearance of clear spaces pointed to 
cavities, a diagnosis verified by auscultation. But in a third 
case, where auscultation led one to suspect the existence of 
cavities, nothing of the kind was visible on the screen. In 
another patient the general symptoms pointed to early phthisis^ 
but no tubercle bacilli were found in the sputa, and the physical 
signs were indecisive. The skiascope showed that the apex of one 
of the lungs was less permeable to the rays, and in a few days 
both auscultation and bacteriological examination of the sputum 
yielded positive results.' 

Borne no less important reports were published by the same 
observer in the succeeding issue of the Comptes Rendus (Decem- 
ber 28). In one case the whole left lung was obscured. This 
appearance was attributed either to pleurisy with effusion, or to 
general tuberculosis of the left lung. On further examination it 
was noted that the mediastinum was not pushed to the right By 
a process of exclusion, therefore, the diagnosis of tubercle of the 
whole left lung was arrived at. In another case, on the left of 
the spinal column in a little girl, was demonstrated a tumour, due 
to adenoma of bronchial glands. In a third patient, a dark 
shadow on the right side of the chest, continuous with that of 
the sternum, was shown to be due to a transposed heart. Owing 
to the heart*s impulse being on the right side, the presence of 
aneurism had been suspected. Other conditions recognised 
include aneurism of the arch of the aorta, with a clear view of 
its position, outline and size ; pulsation of the aorta to the right 
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ud left of the sternum ; compenB&tory hypBrtrophy of the heart 
Rin artetio-sclerosis ; and beating of the auricles to the right of the 
T Bterntim, in dilatatioo due to kidney disease. 

Bergoini^ has repeated and conGrmed the a,hove ohaenations.* 

At the Medical Club in Vienna, in January, 1897, Professor 
WasBerman showed two tases that he had diagnosed by the 
Rontgeu rays. The first was a case of phthisis in the riglit lung, 
where the cavernous signs could not be ehcited by percussion and 
auscultation, Under the rays the left side of the chest appeared 
clear and healthy, while the right exhibited diffuse shadows 
representing infiltration ; in one place a clear area, which to all 
appearance corresponded to a cavity, was brought out by the 
tube when applied either in front of or behind the right lung. The 
second case was that of an aneurism in the left mediastinum, 
where the fluoroscope demonstrated a dark space, the margin of 
which moved with a distinct impulse, and thus established the 
differential diagnosis between solid tumour and aneurism. 

L^vy Dorn examined with the screen the chest of a patient 
suffering from chronic bronchitis and asthma. He observed that 
the left half of the diaphragm fell rapidly at each inspiration, 
while it rose by slow successive stages. The right half, on the 
other band, remained from the first absolutely fixed in the 
position of extreme inspiration, only to rise at the termination of 
the attack with the expectoration of viscid mucus. 

Tubercle of the lung^ may sometimes be found by the Bontgen 
rays in an early stage, when it could not be detected by ordinary 
means. The importance of such early diagnosis in these days 
of improved treatment of jmlmonary phthisis can hardly be over- 
estimated. Another fact is that the rays not infrequently show 
the disease to be more extensive tban had been mapped out by 
physical examination. When Koch's tuberculin treatment for 
consumption was on its trial, the writer recalls a case in 
which tubercle was diagnosed in the right apex, but careful and 
repeated examination revealed none in the left lung. The injec- 
tion of the drug was followed rapidly by the appearance of a dull 
area at the left apex. Had the focus tube been available in that 
instance, there can be little doubt that the early invasion of the 
^^ left lung could have been equally well demonstrated. 
^L The localization of diaeased areas in the lung is now brought 

^^^ ■ Uu^tUileit Il'.pitinij: JKuiiary 7, 1897. 
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within the reach of the surgeon, who has hitherto been hampered 
in his attempts at lung surgery by the often misleading nature of 
physical signs. Supposing a shadow to be fairly defined, its 
exact position could of course be localized by ordinary means. 
The altered density of tissue may show in various degrees from 
a slight haziness to a dark shadow ; when extremely dark it is 
usually due to pleuritic thickening and adhesions. In tuber- 
culous cases the collar-bone is often partly, or even at times 
altogether, obscured. A cavity, when empty, shows as a clear 
space. Pulmonary echinococcus has been noted. 

An important case has been reported by Messieurs Varcot and 
Chicotot* of a child, nine and a half years of age, in whom the 
rays revealed a central pneumonia which was not revealed by the 
ordinary methods of percussion and auscultation. 

The progress of the disease in the lungs can be accurately 
noted, and it will be possible to say with confidence whether the 
tubercular area has increased or decreased in size. A valuable 
graphic record of events can be preserved in the shape of a series 
of Rontgen photographs, or, failing that, of charts, mapping out 
the results of periodical screen examinations. 

The causes of dyspnoea may sometimes be revealed by the 
rays when not ascertainable by other methods. 

The various stages of pneumonia can be seen by the rays — 
consolidation, collapse, pleuritic effusion, displacement of heart, 
impaired respiratory descent of diaphragm. The gradual clearing 
up of the diseased process can also be followed. 

Cirrhosis of the Right Lung with Displacement of Heart. 

— An interesting case of this condition has been published by Dr. 
Henry Waldo, t of Bristol. The patient was a boy of ten, with good 
family history. The heart's apex was found beating outside the 
right nipple ; the whole right lung yielded an impaired percussion- 
note ; and repeated examinations of the sputa failed to reveal 
tubercle bacilli. The Rcintgen photograph showed great density 
of the affected lung, and absence of heart in left thorax. 
The case appeared to be one of diffuse interstitial pneumonia, 
affecting the whole lung, unconnected with tubercle, and by its 
contraction leading to an extreme displacement of the heart. 

Impairment of respiratory movement is an important nega- 

* La Radiographic y Avril, 1899. 

t British Medical Jaumal^ December 17, 1898. 
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' tive sign. It is abown on the screen by tbe lessened movement 

of the diaphragm, both in ordinary and in forced respiration. 

According to Williams,* tbe lessened descent of diaphragm io 

some cases precedes the increased density of tbe lungs, and is 

therefore to bo reckoned among tbe earliest signs of pulmonary 

disease. In pneumonia, tbe return of normal rise and fall of the 

diaphragm is a more delicate test than the opacity of the lung. 

In emphysema tbe diaphragm descends lower towards the 

abdomen than in health, and does not rise to so high a point as 

it should, while tbe lung area is brighter than normal. In 

. pneumothorax the diaphragm is very low down ou the affected 

■ side, and motionless, except at its median end, where it sometimes 

\ moves with the sound side. The diaphragm may also be restricted 

f in its range by pleuritic adhesions. 

The diaphragm may also be pushed up, and restricted in move- 
ment by various abdominal conditions, as dropsy or enlarged 
liver. 

A most interesting caset was shown at the Vienna Medical 
Club, April 20, 1898, by Dr. K. Kienhock. The patient, aged 
twenty-four, came from the clinic of Professor Schroetter, and 
had suffered for five months from pyo-pneumot boras. The 
published details are so instructive that they may be reproduced 

tat some length, especially as, thanks to Dr. Kienbock's courtesy, 
the description is accompanied by the original illustration : 
' Examination of the jntieiit \ij thti iwreoii, t)ie [Uitient Ixtinu in the erect 
posture, gave the following results : CDrnwpoiidiiig to the right fimg there is * 
long, rather light zone, the upjier part of which is duker. The left half nf the 
»i ._ -.[together different appearancea. The npper third is fairly light, 



breadth abovs the level of the an)i;1e of the acapula. The contrast between tbi 
traneparency of the middle area and the opauity of tlie inferior area is veri 
marked ; bat oven in the latter one can make out the foi 
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le ahadowa 
1 by the atemuiii. the great vessels, and the vertebral column are not 
broader than normal. The shadow of the heart is displaced far to the right, and 
it can be discerned extending some distance down into the dark zone. 

' It is easy to detect various muveinonts in the image. On the right aide the 
shadow of the liver deaueods several oeutinietres with each iuapiration, while on 
the left the level of tlie dark zone ascends during inspiration for ihree-qnarters of 
the width of the intercostal spoor. The ribs are raised with inspiration on both 
aides. The shadow of the enlarged heart pulsates strongly and rhythmically, 
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"Die [ihotogTBpti rejinxlucGd in the accompanying illusliauon ons taken with 
the patient nttiuu down, leaning hia back agaiust the case cDiitiiiiiiiig the [ihoto- 
grsphia plate. The tabe ia 15 oentimetrea distant from the Btemnm. at the 
height of the eurface level. The photocraph reproducea very closely the deaorip- 
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D these 

of the patient lying donn on hia left aide, the darker shadow 
u again seen undermost, hut it now extends from the apex or the lungs ta the 

di«phra(fra, and ahowa neither pulsatoiy nor respiratory movenients. The median 

C of the left half of the diaphragm u vinible in thia jioaitioii. It is olivioualy 
esaed, and does not a|i|iear to be moving distinctly. The shadow of the 
lieart subsides to a slight extent into the left Mtf of the thorax. 
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■r We majinfer from theBa apiiearanccs tliat the right Inng la diseasi 
Ita whole extant, while on the left nido there ia pyo-lmaumothonii. 
ptrative opacity of the right hmg is to be attributed to compreBaion, infiltration 
and tbiekening of the jileura ; the dark apex ia cliBr&cteristic of tuborculoala. 
' The ahadow in the upper part of the left plenral cavity is due to the adherent 

■ ''' '" ' ' 1^ Below it tfipn ' " •• i.. j . 

u the sen 
ly liquid whi - = u. 

'eral litres It is probably sero-punilent in nhamcler. Ths heart is enlarKod 



contracted apex of the lelx Inng. Below it tdpro ia air, hence the marked 
narency of this part oa aeen on the screen and in the photograph. The inl _ 
loirest eliadow ia caused by liquid which amounts^udgine from its heifjbt- 
several litres It is probably aero-punilent in nhamcler. The heart is enlai., 
and abifted into the right half of the thorax ; the pericardiliui Bpjwara to envelop 
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it veiy doBcly. Its apex ia directed to the left, a ,„ 

fluid. The pulsation is atrong and ijuiok. 

'Tlieae, of course, arc all pathological changes which could be discovered by 
ordinary phyairal methods of examination. 

"AUhoogh the Hontiieu screen shows the level of the effusion two fingers' 
breadth higher than the limit obtained by percHsaion, this is very frequently 
observed, so that tbo couttadictinn in this respect is more apparent than real. 

'Tiip other observations on the Riintgen screen are, however, of tlie gi'eateat 
interest. I mean the phenomena of motion ; Rrst, the reariiratory movements. 
There is an inspiratory ascending and an expiratory desixnding movement of the 
anrfoce level. 

' Various cgi/onofiimsof these plienonLena have been suggested. I am disposed 
to think that the inspiratory dilatation of tlie right iileiiral cavity, by raising the 
jireasure in the abdomen, tends to raiBc the paralytic depressed left half of the 
diarOiragm. 

'Tlie areond phenomonou ia tlie ^u/no/ory movement of the level. There ia a 
wave moving from the heart to the left during its systolic contraction (eni/ij/emo 

' The reason why tlie pulsation is nnt perceptible on the outside, either to the 
eye or the Anger, may possibly be tliat the air-j^rcssure in the pleural cavi^ is 
not sufficiently liigh. The elasticity of tlie sir enables it to yield to the systolic 
shock of the liquid, and therefore the wall of the thorax is not connuss«d, ill 
spite of the strong action of the heart ; further, the wall may be too rigid, or 
the plmin costalia too much thickened. 

' The third Icind of movements depend upon outside influences — the varying 
position of the patient, sudden movements, communicated vibrations, nod par- 
tjcnlsrly the great Amplitude of the oscillations seen when the pativntis violently 
-■utken. We are thus enabled not cmly to hoar, but also to see, the nueiuno 
'ippoeralli.' 

('0 The Abdomen 

The application of the Eciutgen rays to the adult abdomen has 
not hitherto yielded results to compare favourably with those 
derived from the thorax. The upper border of the liver, as already 
stated, can be well seen, and a hydatid tumour has been reported 
projecting from its convex surface ; but the lower border is rarely 
to be made out. The kidneye^ are not as a rule vieible, although 
with a tube of good penetration, a powerful coil, and a short 
exposure, both kidneys and pancreas can be photographed. The 
stomach is sometimes faintly outlined, presumably most so when 
filled with gas. The intestines are at timen to be dimly seen. 
In an experiment conducted by the present writer, a photograph 
was taken from a stoutly-built young officer thirty years of age. 
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He had been affected for many years with signs suggestive of 
intestinal obstruction following peritonitis. For a fortnight before 
the exposure he took 15 grains of bismuth three times a day. The 
result shows a faint outline of stomach and colon, with some coils 
of small intestine and sigmoid flexure. It seems fair to assume 
that this result may — in part, at any rate — be attributed to the 
opaque bismuth present in the intestine. The photograph was 
taken in the summer of 1897 with an Apps coil, 9-inch spark, and 
an exposure of 15 minutes, the patient lying on his belly. 

After many exposures, the present writer succeeded in obtaining 
an x-ray record of a tumour about the size of an orange, apparently 
non-malignant and connected with the right kidney. The patient 
was a tall, stout woman, in whom the growth had existed for 
some years. At the time of examination the urine was normal, 
but the patient showed somewhat severe signs of pressure upon 
abdominal veins and lymphatics, and the general health was 
becoming affected. Hydatids had been suspected, and there were 
signs that pointed to possible implication of the gall-bladder. The 
Eontgen photograph showed an opaque mass, without detail, in 
the region implicated, and in that particular simply confirmed 
what was perfectly apparent to an ordinary physical examination. 
It showed, however, a point of some importance — namely, that 
the tumour was unconnected with the liver. A later photograph 
showed great detail, but diagnosis still remains uncertain with 
our present imperfect knowledge of many pathological shadows. 

Kronberg* succeeded in obtaining Kontgen ray records of the 
intestines of small animals by filling the gut with metallic 
mercury. He also met with some success in larger animals and 
in the human cadaver. He suggests the use of that metal in 
the diagnosis of intestinal obstruction. He recommends the 
administration of a large dose (200 grains), which he states 
would be comparatively harmless, and suggests that by following 
its course with the Eontgen methods the seat of obstruction 
could be ascertained. At the same time it is claimed that the 
action of the mercury would be in some cases curative. He 
further suggests that the metal gallium might be substituted as 
less dangerous than mercury. 

Drs. Levy-Dorn and Boast have introduced a method of 

• Wim, Med. fVoch., May 23, 1898. 
t DeiUwhe Medicin. WochtTischrifL 
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ascertaining the posibioo of the fundus of the stomach, the 
existence of stenosis of the pylorus and the intestines, and the 
amount of contractility possessed by the gastric and intestinal 
muscles. They administer to the patients a gelatin capsule filled 
with metallic bismuth and coated with celluloid. The bismuth 
being opaque to the rays and the celluloid insoluble in the gastro- 
intestiaal juices, its position may be ascertained by means of the 
fluorescent screen. In most cases the capsule was seen either on 
the great curvature of the stomach or in the ciecum near the 
ilio-cyecftl valve. In cases of pyloric stenosis the capsule generally 
remained for several days in the stomach, a point of great 
diagnostic value. Otherwise the capsule was passed per anuni 
in from two to six days. If the capsule be retained in the 
stomach it must he removed by operatioa. 

Professor Hosenfeld, of Breslau, has obtained good results by 
inflating the stomach and intestines before the application of the 
rays. 

In the case of cancerous masses of the stomach, Bouchard 
failed to obtain any positive result even with a coil that gave a 
spark of 15 inches. On the other hand, Rosenfeld reported to 
the Bevlia Medical Congress of 18^9 that he had made radio- 
graphic observations of diseases both of the stomach and of the 
liver in the living subject. 

Murphy's buttons, coins, and other foreign bodies have been. 
detected in the abdomen, more especially in the case of children. 
It is obvious that such localization might afl'ord simply invaluable 
aid to the surgeon. 

Calculus of gati-bladder, kidney, ureters, and urinary bladder 
have been often detected in the living adult. They are described 
more fully in the section upon ' Foreign Bodies ' (p. 1 17). Results 
in each case, however, are still more or less uncertain. Much 
the same statement applies to the radiographic examination of the 
uterus, with its contents and appendages, a subject dealt with 
undec the heading of ' Obstetrics ' (p. '221). 

Practical ConclasionB 

To sum up the applications of RoQtgen rays to clinical medicine: 
First o\ all, we lind that satisfactory results are confined chiefly 
to the thorax, although now and then useful information has been 
obtained from the abdomen. Secondly, in the lungs we can 
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sometimes get early information as to taberola, which may not 
be disclosed by ordinary means of physical or bacteriological 
examination, and effusion of fluid in pleurisy may be accurately 
estimated, as well as in pericarditis and in various non-inflam- 
matory local dropsies As to the heart and large vessels, enlarge- 
ments and displacements can be readily demonstrated, together 
with thoracic aneurism. Such alterations can be detected when 
cloaked from ordinary examination by emphysema of the lung. 
The results of the Schott plan of treatment of heart diseases can 
also be followed. 

One important point is the possibility of localizing patches of 
tubercular consolidations and cavities in the lung substance. 
Hitherto one of the chief obstacles to the progress of lung 
surgery has been the difficulty of exact localization. Thus, it not 
infrequently happens that the physical signs point to the presence 
of a cavity where that particular lesion, in point of fact, does not 
exist. If this diagnosis, then, could be cleared up definitely by 
a radiogram or by the fluorescent screen, the hands of the 
surgeon would be considerably strengthened in dealing with indi<> 
vidual cases. It is hardly needful to remind the reader that the 
fact of a deep consolidation lying beneath healthy lung renders 
it extremely difficult or impossible to diagnose the trouble by 
percussion and auscultation. 

As blood is opaque, a clot in the brain, especially if large in size 
and near the surface, may perhaps be radiographed. 

V. OTHER MEDICAL POINTS 

The Diagnosis between Gout and Rheumatoid ArthritiB 

In May, 1897, Messieurs Oudin and Barthelemy showed a 
series of Eontgen photographs of the hands and feet of patients 
affected with gout and with rheumatoid arthritis.* Normally the 
articular cartilages are transparent, and the dark shadows of the 
bones are separated by a clear band from 1 to 3 millimetres in 
width, a condition that is maintained to the end of life in the 
healthy subject. In gout these clear spaces are unaffected, but 
the disease is characterized by tophi, which appear as light 
patches on the denser bone. In rheumatoid arthritis, however, 
the clear spaces disappear, even in young subjects (see Fig. 86), 

* La France Midicale, June 4, 1897. 
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B.nd that fact, together with the bony outgrowth and deformity, ' 
fnraishes diagnoBtic signs by the BoDtgen methods. 

Enlargement of the asillary glaods has been seen in breast 
cancer. 

Calcification of Arteries 

Aa might be expected, a radiographic record can often be 
obtained of calcification in arteries, whether primary of the middle 
coats or secondary of the inner. 



VI. ACTION OF THE FOCUS TUBE UPON THE SKIN 
AND DEEPER STRUCTURES 

Soon after the Rontgen rays came into general use, as every- 
one knows, cases of resulting injury to the akin were reported. 
This ill effect was nsually spoken of as 'j--ray dermatitis,' but 
the present writer, in a paper* read before the Deruiatological 
Society of Groat Britain and Ireland in July, 1897, ventured to 
suggest the non-committal name of ' focus- tube dermatitis.' By 
either term is meant an inflammation of the skin following one or 
more exposures to a focus tube in action. The damage may be 
fleeting, nothing more than a slight reddening of the skin, with 
sudden onset and rapid disappearance, or the hairs of the affected 
part may fall out painlessly. On the other hand, it may be severe, 
coming on from a few days to three weeks after the exposure : the 
epidermis may peel off, or the underlying tissues may slough 
away, and leave an obstinate ulcer that takes months to heal. 

The fleeting effect of the focus tube was well illustrated in a 
ease where the present writer took two Bontgen photographs of a 
lady's hand with an exposure of four minutes, and the tube at a 
distiince of 12 inches. Some days later the patient volunteered 
the information that she bad felt something wrong with one of 
her fingers ever since the taking of the photographs. On examin- 
ation, the nail of the ring-digit was found in a state of partial 
doaky erythema. This slight traumatism would almost certainly 
have been overlooked had not the patient herself drawn attention 
to the fact, 

A large number of instances of severe damage have been 
recorded. 

• Sfa TranaadioMi Dcniiat. Socirty of Or<al Britain nml Inland, vul, iii., 
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* The existence of cause and effect in this condition has been 
established both by the large number of recorded cases and by 
certain experimental observations. Thus» Professor Elihu Thom- 
son,! who was sceptical as to any such injurious action, exposed 
his hand for half an hour at a few inches' distance from a ' live ' 
tul)e, and was rewarded by the appearance of an eruption nine 
days later. Then, again, it is claimed that dermatitis may be 
induced at will by placing active tubes of medium resistance for 
ten or fifteen minutes at a short distance from the surface of the 
body. That the reaction may often exist in a minor degree and 
not be recognised appears more than likely. Thus, a Bontgen 
ray worker whose hands were affected was surprised when the 
present writer pointed out the fact, especially as he had previously 
hinted his doubts as to the existence of such a condition. His 
fingers were red and leathery, and the nails, besides being brittle 
and broken, wanted the sharp groove that defines the lower 
border of a healthy nail — changes that had come on only after 
taking up Hontgen work. Making every allowance, however, for 
cases that are not recognised and for the far larger number that 
are not recorded, it nevertheless seems evident that the per- 
centage of cases of dermatitis following exposure to the focus tube 
must be extremely small. Of late there has been a marked dimi- 
nution of reported cases, a fact that appears to have some relation 
to the general shortening of exposures. Lastly, the affection seems 
to have involved an undue proportion of practical workers, who 
have been continuously exposed over long periods to the action of 
the focus tube, although the individual exposures may have been 
short. 

There is nothing specific about the inflammation of the skin, 
nothing in its appearance that would proclaim it as due to the 
focus tube. It is a symptom of a remote exciting cause, and 
exactly resembles the dermatitis set up by a number of other 
external irritants, such as exposure to a hot sun, to a furnace, or 
to the action of a caustic alkali. The question before us in this 
particular case is the nature of the irritant peculiar to the focus 
tube. 

If a multitude of persons be exposed to a hot sun, perhaps one 
out of a milHon will develop a severe dermatitis, exactly resembling 

* Tlie next few jNtges arc from a paper read by the author before the Bontgen 
So(-ietj of London to introduce a diseuroion, December 6, 1898. 

t Johns Hopkins Hospital Bulletin, No. 71, February, 1897. 



.VEniCJL AND SUEOICAL JPPLICATIOyS 

that set up by the focus tube. In both instances there is a dis- 
tinct, if imperfectly unclerstood, catisa caiisans ; but something 
more ia needed to account for the phenomenon of individual 
selection, and that we may express by the convenient term 
' suBceptibility, ' In this way the extremely small proportion of 
persons attacked by focus-tube dermatitis may be so far explained : 
many are exposed to the irritant, but few are susceptible. 

Other contributing factors are, seemingly, the nearness of the 
focQs tube to the skin, the resistance of the tube, and the duration 
and frequency of exposure. These assumptions, in addition to a 
certain amount of evidence to be quoted forthwith, may be sup- 
ported by the analogy of a hand held near a hot furnace: the 
nearer the hand to the lire and the oftener and the longer it be 
placed there, the greater will be the resulting damage. The 
proposition that the injurious effects of the focus tube are inversely 
to the distance of the tube from the skin and the length and fre- 
qaency of exposure is supported by the following evidence : 

1. Close proximity of tube and an exposure of ten minutes or a 
quarter ot an hour is adopted io order to produce therapeutic or 
intentional dermatitis, 

2. In most of the recorded eases of injury, severe or otherwise, 
the ' live ' tube baa been placed near the skin during a long time. 

3. Repeated short exposures produce dermatitis in workers with 
the rays who are susceptible. 

4. Professor Elihu Thomson's artificial dermatitis was produced 
by a near tube and a long exposure. 

5. Negatively, no case has come to the writer's knowledge in 
which a short exposure with the tube at a fair distance has been 
followed by any seriously bad results. 

These considerations seem well enough supported to help clear 
the ground in various directions. Thus, they show why cases of 
focus-tube dermatitis are so rare that their existence is denied by 
some persons, why practical workers are specially prone to attack, 
and why dermatitis has not occurred at all within the experience 
of some extensive workers with the rays. 

Fortunately, when we come to the discussion of cases, we have 

a large number recorded by accurate observers. Bo long ago as 

February, 1897, Gilchrist* was able to publish a collection of 

twenty-seven cases. One remarkable instance under his own 

' Johns Boi^-ins Ho'pUat B^iUttix, No. 71, February, 1897. 
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care was that of a demonstrator, thirty-two years of age, who, 
after frequent and prolonged focus tube exposuresi developed a 
severe dermatitis. The bones of the hand became psinful upon 
pressure, and a Bimtgon photograph showed distinct osteoplastic 
periostitis, with a probable osteitis of the first and seoond 
phalanges of the index and middle fingers, and also of the heads 
of the metacarpal bones. Without endeavouring to make an 
analysis of all recorded cases, mention may be made of a few 
that raise points of special interest : 

In the British Medical Journal epitome for August 15, 1896, the 
case of a young man of seventeen was reported. He was under 
the care of Marcuse, who found the patient suffering from a diffuse 
desquamative dermatitis of the face and back. There was also a 
partially-bald patch on the temple, from which the hairs could be 
easily extracted. 

In the same journal for November 17, 1896, Dr. Drury described 
a case in which severe results followed two exposures, the first 
of an hour, the second of an hour and a half. A large surface of 
the epigastrium became erythematous and swollen ; it vesicated 
on the tenth day, and showed a profuse discharge on the twenty- 
fourth day. A troublesome ulcer which ensued was unhealed 
sixteen weeks later. 

In the Canadian Practitioner for November, 1896, Dr. King of 
Toronto reported the case of a young man who for three months 
was engaged in demonstrating the Eontgen rays, with a daily 
average exposure of six hours. After about six weeks he had 
dermatitis of the right arm and hand, which recovered after dis- 
continuing the exposure. On resuming work, however, he had 
another attack. In about six weeks the hand and face of the 
exposed side showed signs of a severe dermatitis. The eyelids 
were ocdematous, and there was double conjunctivitis. On the 
left hand the nails exfoliated and the hairs were destroyed. On 
the left side the hair was gone from temple, eyebrow, upper lip, 
side of face, and neck.'* 

Dr. Eadcliffe Crocker, in January, 1897, published the case of 
a lad who developed a large and obstinate ulceration of the 
abdomen after a single exposure of an hour's duration. The 
lower border of the inflammatory area was sharply limited by 

* For abstract see British Journal of DcnMLtology^ January, 1897. 
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the clothing, and six weeks later a email, painfnl ulcer was still 
left unhealed. 

In February, 1897, Profeesor Waymouth Beid,* a highly- 
skilled and accurate observer, within four days underwent four 
exposures, of twenty, forty, fifty, and ninety minutes respectively, 
and afterwards suffered from a severe dermatitis in the exposed 
area. The skin lesions were healed by the thirty-third day, but 
sixty-nine days after the original exposures he reported to the 
present writer : 'There is no vestige of hair left upon the chest, 
and I have not been troubled with the shaving of my chin for the 
last six weeks, the hairs having come out by the bulbs to the 
touch of the razor twenty-two days after the chest exposure, 
after a slight preliminary erythema of the skin, not followed by 
loss of cuticle.' As always happens where the focus tube derma- 
titis has not caused deep sloughing of the skin, the hair afterwards 
grew again. Dr. Eeid further placed on record the interesting 
fact that there was an erythema of the back as well as of the 
chest — that is to say, presumably at the points both of entry 
and of exit of the irritant rays, unless, indeed, we attribute the 
rojult to direct or indirect electrical influences. 

The last-mentioned point may be compared with a case pub- 
lished by Mr. T. L, Gillanders, M.B. After several exposures, 
extending over twelve days and including screen examinatioas 
and photographs with final screen operation, the patient, while 
convalescing, developed dermatitis on both sides of the band. It 
is not stated, however, that both back and front were not exposed 
to the focus tube. 

Two other instances of double -surface injury are mentioned by 
Wolfendent as having come to his knowledge. 

Turning next to cases that have come under the author's per- 
sonal observation, one has already been noted where congestion 
of a nail-bed followed twenty-four hours after a four minutes' 
exposure of a band, with the tube a foot above the plate. 

In July, 1897, the writer reported several instances of deep 
tissue traumatism. In one striking case the patient suffered 
from cerebral symptoms suggestive of sunstroke. For a long 
time he bad been in the habit of demonstrating the Rontgen 
rays, and often had one side of his head within a few inches of a 
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focus tube, with onlv a wooden screen between. From time to 
time he suffered from a slight dermatitis, bat at length he 
developed more serious symptoms, of which the chief were head- 
ache, vertigo, vomiting, dimness of sight, and great prostration. 
He placed himself under the care of a medical man at a seaside 
town, and that gentleman said at the time his symptoms were 
practically those of stmstroke, a view that he has since kindly 
confirmed. If we may on such evidence ascribe the cerebral 
attack to the influence of the focus tube, then its influence upon 
deep structures must be admitted. 

Another case in point came under personal observation. A prac- 
tical worker with the rays, a healthy middle-aged man, was carrying 
out a series of experiments that involved exposure of the region 
of the stomach for a period of about two hours daily. After 
some weeks he complained of abdominal symptoms, such as pain, 
tenderness, flatulency, and diarrhoea. He went away into the 
country for a fortnight, and got well. On his return he resumed 
his experiments, and after a fortnight experienced a second attack. 
He then shielded his stomach with a thin sheet of lead, and his 
symptoms finally di '^appeared. This history certainly suggests 
that in his case the rays of the focus tube caused a direct inflam- 
mation of the gastrointestinal mucous membrane. Serious diges- 
tive disturbances have also been attributed to j'-ray exposures by 
Messrs. Bergoino and Teissier. They also hint at the possibility 
of pneumonia having been set up in the same way. 

Another group of cases has been noted by the author, namely, 
those in which previously unsusceptible persons have been ren- 
dered susceptible by altered conditions of exposura In July, 
1897, he described to the Dermatological Society of Great Britain 
and Ireland an experience of Mr. Webster, a gentleman who has 
had a wide experience of Eontgen ray work. For a year or more 
he had undergone constant exposure to the focus tube without 
bad results. He then injured himself with a metol solution while 
developing photographic plates, and shortly afterwards a diffuse 
dermatitis appeared on the back of his hand. The interesting 
points are the previous damage of skin by the metol and the fact 
that the dermatitis coincided with the heating of the kathode end 
of the tube. 

In another case kindly communicated by Mr. Webster, an 
individual had been exposed for something like a score of times 
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within a period of six months. Six weeks after the last exposure 
the hair fell out from one side of the head. The only differing 
conditions of experiment, so tar as could be ascertained, were that 
ill the last, and presumably the damaging, exposure the kathode end 
of the Crookes' tube had been kept continuously heated, 

A striking instance occurred in the person of a gentleman who 
had made some 2,000 Eontgon exposures, but, having seen no ill 
effects therefi-om, not unnaturally doubted their occurrence. At 
the conversazione of the London Riintgen Society, held on 
November 21, 1898, he exposed his hand lo a strange tube, and 
three days later developed a patch of dermatitis. 

The author has twice suffered from mild dermatitis of the left 
hand. On each occasion the attack fallowed a prolonged demonstra- 
tion of the rays with the hand close to the focus tube, from which 
Severn) sparks passed to the skin surface. 

We have thus four cases in which individuals unsusceptible to 
focus tube injury under oiMiinftry circumstances became sus- 
ceptible under altered conditions of experiment. The extent to 
which the heating of the kathodal end of the focus tube might be 
concerned in the result offers an interesting point for physical 
investigation. The kathodal rays strike the platinum anode, or 
anti-kathode, and often render it red-hot, and one is tempted to 
speculate whether their contact with the skin surface might not have 
a somewhat similar calorific effect. In other words, that focus tube 
ilermatitis may be a sort of burn. 

The analogy is not a little striking between focus tube derma- 
titis and that produced in rare instances by a single exposure to a 
hot sun, or at any lime by sufficiently close oi- prolonged contact 
with the heat of a furnace. With regard tn all these conditions, we 

1. That the dermatitis may result from a single exposure. 

2. That bronzing may occur. 

3. That the injury is excluded by clothing. 

4. That chemical rays exist in each source of injurious influence. 

5. That deep as well as surface tissues may be affected, 

I. That dermatitis may follow a single exposure to a hot aun is 
an established medical fact. In his smaller Clinical Atlas (Plate CX.), 
Mr, Jonathan Hutchinson gives an excellent picture of a most severe 
eruption following that circumstance. 

17 
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2. Another remarkable resemblance is found in pigmentation. 
Bn)nzing, as everyone knows, is a constant result of exposure to 
the sun ; and most folk would connect the black skin of the negro 
witli some inherited peculiarity acquired by ancestral life under a 
tropicivl sun. Bearing upon this point is the case where Despeigne 
used the focus tube rays to alleviate the pain of cancer, and after 
the eighteenth sitting found the exposed skin almost as black as that 
of an African negro. In this connection may be mentioned the 
bronzing sometimes seen in those exposed to the prolonged influence 
of powerful electric light. 

3. The third point is illustrated by the protection aflbrded by 
clothing against sun damage, and in the case of the focus tube by 
Dr. Crocker's case, where the inflammation was sharply de- 
limittMl by the clothing. Nor is it possible to recall a case in 
which either sun or focus tube dermatitis has occurred in parts 
protected by clothes. Cleiirly, this observation alone, if estab. 
lished, would suttice to absolve the j*-rays pure and simple from 
any suspicion of traumatic agency, for there is no ordinary 
cl(>thing which they would not readily penetrate. It is also 
worthy of ii(>te that an assumption of the innocence of the arrays 
themselves has been implied in the attempts to prevent injury by 
interposing shields of indiarubber, vulcanite, and other materials 
which otler no resistance to the rays. One may remark, by the 
way, that the use of such protective appliances involves an obvious 
fallacy of numbers, inasmuch as persons working under unpro- 
tected conditions are so rarely attiicked that the vulcanite or 
otlu^r screen would have to be applied in an enormous number of 
ex])osures to enable one to arrive at any trustworthy conclusion. 
If the gentleman already spoken of, who made the 2,000 exposures 
without bad results, had used a vulcanite shield, he might 
natuially have ascribed the al)sence of dermatitis to that pre- 
caution, although he would, nevertheless, have thereby strayed 
into a logical pitfajl. A rational method would be to test the 
results of protected and unprotected exposures on different 
portions of the body of persons of proved susceptibility. It would 
be easy to devise a series of experiments under those conditions, 
planned so as to exclude all the less penetrating rays from the skin 
surface. 

4. That chemical rays are emitted from sun, focus tube, and 
furnace is a simple physical proposition, capable of ready proof. 
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6, With regard to the fifth point — namely, that of effect upon 
deep tissues — that result is recogniaed in the case of aun-rays, and 
instances have been adduced to show that a similar action may he 
exerted by the fociis tube. Other facts pointing to deep action of 
the latter are the relief of pain, noted by Despejgne and others, and 
the local tremora that not infrequently attend exposure. The 
ivriter has observed tremor of a limh in one or two feet photo- 
graphed on one plate (Fig. 82). The analogy between sun and 
focus tube action is amplified by a case, seen at hospital in the 
summer of 1S9(<, of pronounced sun dermatitis, the onset of which 
was attended by fine tremora, exactly like those set up by the focua 
tube. 

This point of the similarity of the focus tube lesion to that of 
severe sunburn is admitted by Gilchrist, who saya, however, that 
the two things are different, because in solar eruptions there is no 
alopecia and no periostitis. His objection, however, does not 
appear altogether sound, because there is obviously traumatism to 
some of the deep structures in sunstroke {whether direct or in- 
direct does not here affect the argument), and it would be impos- 
sible^ so far as one can see, in our present state of knowledge to 
demonstrate the selectiveness or otherwise of any particular 
structure by that deep injurious action. Further, one would be 
inclined to connect the thickness of the negro skidl in various 
ways, perhaps both individual and inherited, with prolonged 
exposure to tropical aims. The following observation, if con- 
firmed, would point to the protective nature of the negro skin. 
Mr. Albert Walsh, of Port Elizalreth, communicated to the writer 
that he could uot detect a bullet in a black man's thigh, although 
his apparatus was in good working order, and produced good 
results in the case of a white man. This observation he has since 
confirmed, and imagines there may be some special resistance 
olTered to the rays by the colouring matter of the negro skin. 

In the first edition of this book the view was expressed that, 
' on the whole, it seems not improbable that some common agent 
exists in the rays of the sun, of the focus tube, and of the electric 
arc light capable of stimulnting the human cutaneous surface, and 
sometimes the deeper tissues of the body, in varying degrees of 
severity, which are in some way determined by personal predis- 
posing peculiarities.' 

A curious confinnation of that hypothesis has been since 
17—2 
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advanced by Professor Schiff at the Austrian Oesellschaft der 
Aertzis.* At that society he showed a patient who had been 
treated with the focus tube rays for lupus. He attributed the 
successful result to the chemical action of the rays, and quoted 
Finsen of Copenhagen, who recorded equal success with rays not 
produced by Rontgen apparatus. His statement was confirmed 
by Spiegler, who said he had worked personally with Finsen while 
carrying out the treatment in question. The sun's rays were usually 
utilized for the purpose, and were passed through lenses to decom- 
pose the light before it was allowed to reach the morbid structures. 
At a later stage of the expeiimental treatment an electric arc light 
was used. * Little glass plates were laid over an illuminated surface, 
to produce a sort of anieniia, or the acting ray would have checked 
the circulating blood altogether.' 

It may here be stated generally that the view that the injury 
is not caused by the ^-rays, ])ut by some accompanying influence, 
appears to have gained most favour in France, Germany, and 
America. 

Various theories have been advanced to explain focus tube derma- 
titis. Of these the chief attribute the bad results to : 

1. Ozone generation in the skin. 

2. Flights of minute platinum atoms. 

3. Ultra-violet rays. 

4. Kadiant enert'v. 

5. liavs of .r-ray order most readily absorbed. 
(). Electrical induction. 

7. De-electrification. 

1. Tesla's view, that the damage is due to ozone generated in the 
skin, does not account for injury to deep tissues, if we accept that 
result. 

2. There does not appear to be any general acceptance of the 
theory of the projection of streams of solid particles through the 
walls of the tube. 

3. 4, and 5 may be taken together ; the term * chemical rays ' is 
perhaps wide enough to include them. Dr. Philip M. Jones, of 
San Francisco, in a paper read before the California State Medical 
Society, April 20, 1897, attributed the dermatitis to the absorption 
of radiant energy by the cells of the skin, and thought the process 

• Medical Press and Circular, November 23, 1898, p. 640. 
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' parallel with the changes effected in the photographic emulaion. 
He agrees with the majority of observers that a bad result is more 
apt to follow exposure to a tube of low than of high vacuiun. 
The latter fact further tends to exonerate the .i:-ray8, for, as 
Mr. Liardinor has demonstrated to the Rontgen Society,* ' the 
greatest production of jyraya takes place in tubes of high resist- 
ance ' — that is to say, the very tubes that, according to most 
authorities, are the least likely to do harm. Under the same 
heading of radiant energy comes the Dontention of Elihu Thomson, 
that ' the burns are produced chiefly by those rays of the a'-i-ay 
order which are most readily absorbable by the flesh.' 

[ 6. The theory of electrical conduction appears to be contro- 
verted by an experiment of Elihu Thomson's. In a sheet of 
lead he cut a window, which was divided in two by a strip of 
tinfoil; one of these he covered with a double layer of aluminium 
foil, while the other was left bare. This compound shield he 
placed on a finger, and exposed it to the action of a focus tube. 
Two burns resulted, one on the part under the aluminium foil and 
the other on the bare spot. Professor Thompson thinks it incon- 
ceivable that any electrostatic efTect could have been produced 
through the aluminium foil more than through the tinfoil or the 
lead, as all three metals were in electrical contact and subjected to 
the same conditions. 

A further argument against the induction theory may be found 
in the great amount of harmless electrification of skin often 
involved in therapeutic or experimental work. At the same time, 
it seems likely we have yet to learn a good deal about the 
electrical states that are set up thereby in the skin. In that 
structure we find externally a thin, hard, horny, non-conducting 
layer, which lies upon the middle layer of so-called ■ prickle 
cells, which are bathed in senim, a warm salt fluid. The prickle 
cells are cut oflf by the close layer of columnar cells known as the 
' palisade ' layer from the underlying tissues, charged with warm 
alkaline blood and serum. All these layers are pierced by the 
hairs and the sweat-ducts, both hair-bulbs and sweat-glands being 
in the deeper tissues. When this combination of solid and lluid 
tissues is injured by exposure to the action of the focus tube, thei'e 
is a tendency to pick out certain structures, as the hair-bulbs and 
the palisade layer. In cases of moderate damage, the brunt of 
' Archicci o/the EaiUgen Ran, M»y, 1898, p. 70. 
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the mischief is borne by the palisade layer and by the hair- 
aheaths. As regards the hairs, one might almost imagine they 
had acted as conductors of some injurious electrical agency either 
to or from the body ; any way, the reason why hairs alone should 
be selected by the focus tube is not apparent. The anatomical 
arrangement of the skin would appear to favour complicated elec- 
trostatic conditions. Lastly, it is a noteworthy fact that under 
certain circumstances the sweat may become acid, a fact which 
may have a bearing upon the little-understood problems of 
individual susceptibility. 

7. De-electrification, suggested by Dr. Lowe of Lincoln and 
others, an action known to be brought about by the rays of the 
focus tube. This hypothesis might explain the very peculiar in- 
flammatory selection of the hairs already spoken of. 

The following propositions seem to be fairly well established : 

1. A dermatitis of varying severity, with a tendency to destroy 
hairs, the deep layer of the epidermis, and the subcutaneous tissues, 
may be set up by exposure to a * live ' focus tube. 

2. The particular damage usually follows either a number of 
short exposures or a single long exposure with the tube close to the 
skin. 

,*i While the injury as a rule affects susceptible people only, it 
ma}', nevertheless, be induced at will under certain conditions in 
any individual. 

4. The inflanmiation is probably due, not to the aj-rays pure 
and simple, but in some way to chemical i-ays generated in the 
focus tube, or to electrical conditions produced in the skin, or to 
a combination of those agencies. 

Many other similar cases have been recorded. When the rays 
are directed upon the scalp, they appear to cause shedding of 
hair without any severe reaction. The nutrition of the hair- 
bulb is interfered with, possibly by some vascular changes lead- 
ing to exudation and intrafollicular pressure. At the Vienna 
Gesellschaft, in January, 1897, Zemann stated that he found 
many different changes in hairs that have been treated by the 
Kontgen rays. The hair-root was always thiimer, and the 
shaft })rittle ; the hair itself might be of the usual thickness, or 
often cone- or spindle-shaped, with fibrous swellings. At the 
same meeting, Kaposi remarked that the hairs shown by Zemann 
were like those met with in the microscopic examination of 
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alopecia areata, and he thought them due to a similar patho- 
logical change. This last point is interesting as tending to throw 
some sort of aide-light on alopecia areata. It would seem that 
by hringing a focus tube near the scalp, and exposing the latter 
to a somewhat prolonged action of the rays, we can produce an 
artificial arm. Not only that, but we have the high authority of 
Kaposi that the pathological hairs resulting from the i-ay exposure 
cannot be distinguished from the diseased hairs of alo[>ecia 
areata. 

The tendency of most observers now appears to be towards the 
view that the dermatitis has a distinct relation to the length and 
frequency of the exposures, as well as to the diatanca of the focus 
tube from the skin surface. 

Lastly, we have the important influence of idiosyncrasy. Many 
people are exposed both to hot sun and to Kontgen ray demon- 
strations, but comparatively few suffer in consequence. Predis- 
position of some kind appears to be an absolutely essential factor. 
The peculiarity may lie in the skin, but it seems more likely to be 
in the blood, espeuially as the latter is attracted to the skin in 
greatly increased volume in response to many external irritant 
influences. It may be that the focus tube rays, like the sun and 
other external irritants, stimulate the excretory function of the 
skin into unusual activity, and that the outward passage of some 
irritant from the blood sets up the demmtitis. 

Mr. C. Mansell-Moullin, Dr. Lewis Jones, Br. Wolfenden, and 
others aeera inclined to attribute the injury to deep nerye and vaso- 
motor disturbances. 

On the whole, it seems not improbable that some common 
agent exists in the rays of the sun, of the focue tube, and of the 
electric light, capable of stimulating the human cutaneous surface, 
and sometimes the deeper tissues of the body, in varying degrees 
of severity, which are in some way determined by personal pre- 
disposing pecuharities. 

VU. THERAPEUTICS 

The possible curative action of the focus tube rays has giveu 
; to many proposals. There can be no doubt that under some 
imperfectly understood conditions they are able to exert con- 
siderable influence on the cutaneous surfaces of the human body. 
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Whether this be due to the unmixed Rontgen rays, or to a ray of 
some other kind, need not be further considered here. It seems 
clear that rays of various qualities are combined in their exit 
from the Crookes' tube, but they must be treated as a whole 
in considering their eftect upon li\ing tissues. At first it was 
generally assumed that the effects, varying in degree from simple 
congestion to severe destruction of tissue, have been confined to 
cutaneous surfaces. More recent observations, however, point 
to an action of the Rontgen rays upon the deeper parts of the 
bodv. 

The belief appears to be now pretty generally accepted, that a 
cutaneous inflammation can l)e produced at will by the prolonged 
exposure of an ordinary focus tube at a short distance from the 
skin. As a surface caustic, however, the focus tube does not 
api)ear to have a remote chance of coming into general use among 
dermatologists, for reasons that will readily be recognised by the 
medical reader. 

There are two aflections in which this method of destructive 
treatment has been advocated, namel}^ hypertrichosis and lupus. 
As regards hypertrichosis, or superfluous hair, in mild cases, after 
a focus tube exposure the hair falls out with little or no inflam- 
matory reaction, simply to grow again after the lapse of a longer 
or shorter period. On the other hand, when a severe dermatitis 
is set up with sloughing of the parts, the wound may take months 
to heal, and the hair will grow again after recovery unless the 
cicatrization is so deep as to have completely destroyed the hair- 
bulb area of the subcutaneous tissue. The latter event must 
necessarily be attended with unsightly scarring, as would occur 
in a burn of an equal degree of severity. The following instance 
of the mischief that may be caused by attempts to apply this 
treatment came under the notice of the present writer : A lady, 
afflicted by an abundant growth of hairs on the lower part of the 
face, applied to a non-medical operator with the arrays. Her 
chin was subjected to four exposures of about half an hour each, 
with the focus tube at a distance of 6 inches from the face. 
The first two exposures were made on successive days, the third 
and fourth each after a clear interval of two days. Some ten or 
twelve days after the commencement of this treatment a severe 
inflammation of the chin set in, attended by much sloughing and 
lasting for months. The hairs came off, but the lower part of the 
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face was covered with a deep scar, such as would result froin a 
bum, and became the seat of a chconic irritating and eczematous 
type of inflammation. 

In a case of the above kind it may be well to note that the 
pereoii who applies the treatment may place himself in a false 
position. As he is not a medical man, and is applying treatment 
not generally recogtn'sed by the medical profession, he would 
possibly bo mulcted in heavy damages should the patient bring an 
action against him for personal injury. He would hardly find a 
specialist in skin diseases ready to endorse the practice. 

It may, perhaps, be added that there is only one scientific 
method yet available for the removal of superfluous hairs, 
namely, their destruction by electrolysis. This plan, though 
tedious, and applicable only when the growth is scattered, has 
the supreme advantage over chemical depilatories and mechanical 
epilation that, if properly performed, it is not followed by re- 
growth. 

Drs. Schiff and Freund* remove superfluous hairs with a current 
that does not exceed 2 amperes and a tension of 1 1 i volts. The 
tube is placed at 20 to 25 centimetres from the skin for an 
exposure 'if ten minutes, and is applied for thirteen to seventeen 
sittings. In some of the cases it waa noted that the skin showed 
a brownish discoloration, and black hair turned white before it 
fell out. For the treatment of lupus vulgaris a current of 3"5 
amperes and 12*75 volts was used with the tube at 10 centimetres 
distance. 

Turning to lupua, we find ourselves faced with somewhat similar 
considerations. That the malady may sometimes be cured by 
exposure to a focus tube is undeniable, and the focus tube must 
lie allotted a place in the list of remedies, especially in obstinate 
and ulcerative cases. At the same time, the fact must be borne 
in mind that it often disappears under various approved forms 
of treatment, such as scraping and caustics, and even of internal 
medication. The present writer has used the focus tube raya in 
the treatment of Itipua of the nasal mucous membrane inaccessible 
to ordinary methods of treatment. 

Dr. Thui'stan Holland rejtorted one case of lupus vulgaris of 

five years' duration, that had been subjected to scraping and other 

forms of treatment. Eighteen exposures of fifteen minutes each 

• Wim. Hid. Woehen.. Nob. 22. 2^, 1898. 
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were made, extending over a period of two months. The ulcerated 
lupus patch healed entirely, and three months later was free from 
recurrence. Dr. Holland has also reported excellent results in 
the treatment of chronic ulcers by the same plan. 

Dr. J. Rudis-Jicisky* reported the cure of a case of lupus 
erythematosus of the leg by frequent short exposures. The healthy 
tissues were protected with stanniol, and the tube was placed at 
a distance of from 15 to 18 inches from the skin. He also found 
markedly beneficial effects in the treatment of ulcerative lupus 
vulgaris. 

Freundt has applied the method with some success to an 
extensive najvus pigmentosus pilaris in a child. Whether the 
depilation thus obtained can be rendered permanent remains to 
be seen. Certainly, in the cases hitherto reported the hair has 
sooner or later reappeared. Again, there is no certainty in the 
resulting depilation. Dr. Low has informed the writer that he 
tried on various occasions to depilate a hairy mole in a child sent 
to him for treatment, but without success. 

It is evident, then, that we have in the focus tube rays an 
agent capable of acting powerfully upon the skin and its ap- 
pendages. At the same time, while similar eflfects can be obtained 
by simpler and safer means, the action is so uncertain, so difficult 
to regulate, and so apt to be attended with serious complications, 
that it is not likely to have any but an extremely limited applica- 
tion to the therapeutics of the cutaneous surface. 

Deep Therapeutic Action 

Turning next to the possible therapeutics of the focus tube rays 
upon the deeper structures, we find ourselves confronted with 
several interesting and suggestive facts, in addition to the deep 
tissue traumatism already spoken of (p. 206). 

In some instances exposure to the rays has been followed by 
a cessation of pain, but the causal relationship between the two 
conditions can hardly be regarded yet as scientifically demon- 
strated. Probably the first notice of the kind was by Dr. Richard- 
son+ of Boston, who wrote to a medical journal on August 31, 
1896, describing the results of an examination by the rays. The 

* American X-Raij Journal^ October, 1896. 

t Afedical Press and Circular, January 27, 1897. 

X Boston Medical and Surgical Journal, September 8, 1896. 



XEDTOAL ASD SURGICAL APPLlCATIOm 

patient was a Btoul woman of fifty, who had been complaining 
of pain on and off in an old fracture near the ankle-joint. She had 
an expoaure of five m.inute8, and three weeks later wrote stating 
that, in the interval, not only had she been free from pain, bat 
that swelling and soreness had also disappeared. 

A striking caae has been recorded by Dr. Stem, of Philadelphia, 
who detected a fragment of steel in the vitreous by means of the 
rays. Almost coincidently with the exposure there was a cesaation 
of pain, so that the patient could both work and sleep. 

M, V. Despeigne,* of Lyons, reported a caae under the care of 
L. Voight. The patient suffered from a small epithelial cancroid 
nodule of the mouth. The rays were applied t«'ice daily for 
periods of half, and sometimes a ([uarter, of an hour. The pain, 
which had boon considerable, almost immediately ceased, so that 
the medical attendant was enabled to discontinue the morphine. 
The patient died eventually of pneumonia, but a prolonged pal- 
liative effect had followed the effect of the rays. 

In a previous case in his own practice, M. Despeigne found that 
a aincer actually decreased in volume under the influence of the 
focus tube. His conclusion from both cases is that, when applied 
to cancer, the rays have a distinct aniesthetic effect, and cause a 
general improvement in the condition of the patient^ but exert 
little influence upon the growth. It this be the case, aurgeons 
will be provided with a new anteslhetic for the relief of malignant 
growths far less disastrous in its general results than the evils 
incident to morphinism. 

Relief of pain has been reported by Gocht in trigeminal neuralgia 
and mammary sarcoma. 

Some observers have also met with success in the treatment of 
elephantiasis. 

There have been many unfounded rumours as to the action of 
the Riintgen rays upon blind eyes. It seems, however, that where 
the optic nerve remains intact the visual sensations can be excited 
by the rays transmitted through media that have become o]>aque 
to ordinary light, as in cataract. The scanty nature of the evidence 
as to the action of the rays upon the optic nerve-endings may be 
gathered from the following reports : 

The case of a blind man was reported to the North-Westem 

Electrical Association by Mr. Uoskin. The patient was unable 

• Lyon Mediatljoumal^ DtwrahtT 2S, 18S8, 
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to see the light of an arc lamp close to his face. His eyes 
appeared normal, but he had been completely blind for two years. 
On })eing placed before a Rontgen apparatus in action, he was able 
to describe the general outline of the tube. A sheet of cardboard 
interposed cut off all visual impressions. 

In this case, accepting the above statements, as Rontgen rays 
penetrate cardboard, any visual stimulation must have been due 
to some other kind of ray. If the media were transparent, and 
the optic nerve insensitive both to day and to ordinary electric 
light, then it follows, if the focus tube rays stimulated the nerve, 
'that there must be special nerv^e endings excited by the rays, 
although not by ordinary light, supposing the action to be local. 
Of course, it is not impossible that the rays might have penetrated 
the brain and stimulated the perceptive centres. In that case, 
however, w^e should expect to have had a similar phenomenon 
recorded by non-blind persons ; beside, there is no reason why 
the figure of the tube should be fixed on the perceptive centre. 
In short, the case does not bear analysis. 

Professor Fox," of Philadelphia, stated that a patient with 
corneal opacity saw nothing with an Edison's fluoroscope, whereas 
with the naked eye he could accurately describe the phos- 
phorescent colour of a Crookes' tube. He conjectures that Rontgen 
rays will not pass through cicatricial corneal tissue. If correctly 
reported, this opinion seems to be based on a confusion of fluor- 
escence (both of screen and of tube) with the actual Rontgen rays. 

The retina, it should be borne in mind, is a transforming 
apparatus which stands between outside rays of light and the 
percipient nerve and nerve centres. There is, again, a purely 
psychic blindness of hysterical nature, and any strong impression 
might cause a person affected in that way, not only to see for a 
time, but to be permanently cured. Clearly, were an experience 
of that kind to be encountered by an experimenter unversed in 
medical matters, he might well imagine he had found a talisman for 
sightless orbs, and telegraph to that effect across the Atlantic. 

This subject was investigated by Professor Murani, of Milan. 
He took five patients, of whom one had been born blind, two had 
acquired that condition, and the remaining two perceived light 
but could not distinguish objects. When placed before an active 
focus tube, the visible light of which was cut off by a sheet of 
• * Ulcers of Cornea,' lecture, October 80, 1896, Medical Bulletin, Philadelphia. 
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black cardboard, the results with all five were negative. When 

exposed to brilli«ntly-light«d screens of platino-cyanide of potas- 
aium and tungatate of calcium, three perceived nothing ; but the 
last two saw the glimmer of the screen, and one could count the 
shadows of the finger-bones of the hand, although he could not 
distinguish the form of keys. 

It may be concluded, then, that the focus tube wilt not restore 
sight to the actually blind. 

Effects of X-Ba;s in Oolour-blinduess 

It has been slated in various quarters that the j:-rays had a 
peculiar effect on the retina of coloui--blind persons. In order 
to test the assertion, Mr. Sydney Stephenson and the writer made 
the following investigation. 

Four colour-blind children were tested, two of them aged 
eight, one nine, and the fourth eleven. They were defective to 
red-green ; their form-sense was normal, and their intelligence 
good. An ordinary hianodal focus tube, and a li-inch induction 
coil, working at 9 inches, were used. 

Perception of light and form proved normal when tested by 
the screen enclosed in a bellows fluoroacope. When the children 
looked steadily at the fully-lighted Iwire tube, they showed no 
signs of photophobia or dazzling. They all recognised objects, 
such as keys, when held against the bare tul>e ur against the 
screen. The after- phosphorescence of the tube was seen by all 
of them, as well as the greater inteneity of the area of the lube in 
front of the anti-kathodal plane when viewed sideways. Lastly, 
there was no sensation of light when the eyes were shut and 
bandaged, and the children put in front of the live tube. 

To sum up. there was no reasoTi to suppose that the retime of 
these colour-blind children reacted to the Rontgen rays in any way 
differently from those of urclinary people with full colour-sense. 

Effects in Tuberculosis 

Messrs. Lortet and (Jenoud* have experimented on guinea-pige, 
with a view U> ascertaining whether the tube rays had any restrain- 
ing effect upon acute tuberculosis. Eight of those animals were 
inoculated with ^tubercle culture, and three submitted daily to the 
' La Heme Scientifiijv*, J. L. Brctou, p, 106 ; Paris, 1897. 
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action of the x-rays. At the end of six weeks the latter presented 
considerable differences from the others that had not been so 
treated. Those that had undergone the exposures had no abscess 
at the point of inoculation, the glands were well defined, and their 
generally good condition was proved by an increase of weight 
On the other hand, the inoculated guinea-piga that had not been 
under the rays showed abscess at the point of inoculation, enlarged 
glands, and bad general condition with loss of weight. 

Mr. Brunton Blaikie, of Edinburgh,* found that the Rontgen 
rays had no visible action upon the growth of cultures of tubercle 
bacillus (see p. 174). He also found that guinea-pigs inoculated 
with diphtheria toxine, and exposed to the rays, lived actually a 
shorter time than those not exposed. 

These experiments are worthy of further careful investigation! 

♦ Lancet, July 25, 1896. 



MEDICAL AND SURGICAL APPUGA TIONS 221 



E. OBSTETRICS AND GYNAECOLOGY 

OBSTETRICS 

At first it was hoped that the Eontgen rays would prove of great 
service in obstetric medicine. In practice, however, up to the 
present time, experimenters have found its application to the 
pregnant uterus surrounded with many difficulties. The chie;^ 
obstacles are: (1) The thickness of the parts to be penetrated; 
(2) movements, abdominal, uterine and foetal ; (3) • the difficulty 
of keeping a pregnant woman for any length of time in a con- 
strained position ; (4) the distance of the uterus and its contents 
from the sensitive plate. However, when our methods have im- 
proved, there is every hope that, with a short exposure and tubes 
of strong penetration, the rays will furnish obstetric physicians 
with an additional means of exact investigation, not only as to 
maternal condition, but also as to the position, and even the sex, of 
the child. 

The advantages of a good pelvic record of the kind are so 
pbvious that they need hardly be mentioned at length. It would 
be possible, for instance, to ascertain the presence of twins, super- 
foetation, lithopsedia, monstrosities, foetal deformities, and mal- 
presentations ; while in any case pel\4c deformities and exostoses 
could be demonstrated with ease and certainty. The demonstration 
of moles and of extra- uterine foetations oifers another attractive field 
of research. 

There is one direction in which Rontgen diagnosis may prove 
of the utmost value to the obstetrician, namely, in the exact 
estimation of pelvic diameters and deformities. By means of 
localization precise measurements of all the bony outlets can be 
obtained, and the desirability of inducing premature labour or 
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the necessity of removing a full-term fcetus by operation thereby in- 
dicated. This fact reduces pelvimetry to an exact and easily applied 
art. In France much attention has been bestowed upon this practical 
point >)y Professors Budin and Pinard- A stereoscopic view of a 
pelvis, it may l)e added, furnishes the observer with a perfect appre- 
hension of the relation of all bony structures. 

When taken from the uterus, an x-ray photograph can be 
rcuulily obtained of the frttus, such as that shown in 1896 by 
Dr. Oliver. His patient, a woman of thirty-nine, was diagnosed 
jis having an extra-uterine fa*tation, some two months beyond 
full term. An unsuccessful attempt was made to secure a record 
of the tumour in the living body. Upon operation an ovanan sac 
was removed containing a nine-months fa»tus, of which the accom- 
panying excellent picture was obtained (Fig. 94). The interesting 
observation was made that the ovarian sac was very opaque to the 
rays. Since then many similar photographs have been published of 
the human fcvtus in various stages of development. 

A further important contribution to the study of foetal radio- 
graphy was made by Professor Davis, of Jefferson College.* He 
published a radiogram which showed a faint tracing of the foetal 
skull, contrasting strongly from the dark pelvis in which it had 
been placed. Pie further pointed out that the fcetal skull generally, 
except some portions at its base, offered little resistance to the 
Kontgen rays. 

The same observer, moreovei*, after several unsuccessful 
attempts, succeeded in obtaining a faint outline of the foetus in 
the living uterus. The f(vtal shape could be recognised, and the 
position of the limbs was evident, but the head was hidden by 
the maternal pelvis. No foetal skeleton could be distinguished. 
The experimenter concluded that the foetal body and limbs were 
differentiated by the rays from the darker uterine walls and 
amniotic fluid. 

Other observers have arrived at more or less similar results. 

Thus, Imbert showed at the Montpellier Ck>ngress of Medicine 
a record obtained from a young woman of twenty- five, in whose 
case Professor Tedenat had diagnosed extra-uterine foetation. 
Several of his c^nfrere^, on the other hand, suspected a haama- 
tocele or a tumour. All doubt was done away w^th by the 
ROntgen photograph, which clearly showed the existence of a 
* Anieinmn Journal of the Medical Sciences^ March, 1896. 
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five or six months foitus, of which oue could see the head, the 
trunk, and the lower limljs, 

M. Varnier showed to the Paris Society of Gynecology and 
Pediatry, on March 31, 1899, a dozen radiographs showing the 
position of the fcetal head in the living pregnant uterus. They 
were olitained with exposures of three miiiutes. 

Messrs. Chappuis and ^'arnier, quoted by Dr. Mandiiis (Paris 
Thesis), took u Iliintgen photograph directly after death of a 
gninea-pig far advanced in gestation. They obtained details of the 
maternal pelvis and silhouettes of four fcetuses. Negative results 
were obtained from a chloroformed giiinea-pig. 

The game experimenters showed the possibility of getting good 
anatomical and pathological results with the rays from the gravid 
uterus after removal, both when hardened in alcobol and when 
frozen. 

MoBsrs. Varnier and Ghappuis have obtained a Kontgun ray 
picture of several fmtuses in the uterus of a living guinea-pig.'^' 

Most interesting j:-ray pictures can be obtuinod of firtal mon- 
atrosities, aftei- removal from the IxMly, which convey anatomical 
information that could otherwise be obtained only by a tedious 
and difficult dissection. The illustration of a two-headed fcetus 
shown in Fig. 93 was taken from a photograph by Mr. Lynn 
Thomas. 

[n the case of conjugate twins that survive and grow to maturity, 
such an the Siamese Twins and the Two-headed Nightingale, it is 
likely that the mys might afford pictures of much anatomical 
interest. 

At the end of the year 1S96, Dr. IJavia summed up the position 
of fcBtal radiography as follows : ' The writer's experiments with 
the Kontgen i"ays upon pregnant women showed that it is perfectly 
possible to obtain an outline of the living ftetiis in the body of the 
mother. The diniculties to be surmounted are the thickness of the 
tissues and the distance at which the Crookes' tube is necessarily 
placed from the fo'tus itself. Anatomical specimens of uteri and 
their contents, removed from the botly, should occasion no difficulty 
whatever. By varying the electric force employed and the time of 
exposure, it is undoubtedly possible to obtain a useftd picture of the 
contents of the living womb.' 

In France a. special means of examining the pelvis by means of 
' BritUh Medieal Jimnutl, May 30, 1898. 
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ail instrument called the endodiascope has been introduced by 
Bouchacourt. A long metal shielded prolongation of a focus tube 
is imsscd into vagina or rectum. It is open to question whether 
sufficiently good results cannot be obtained by less complicated 
procedures. 

OTNJEOOLOOT 

As methods improve, there is every reason to hope that valuable 
information \vill one day be obtainable, by means of the focus tube, 
as to many pathological conditions of the soft tissues of the pelvis, 
such as ovarian tumours, fibroids, sarcomata, and various malforma- 
tions. At present the shadows obtained are too diffuse and lacking 
in detail to afford much help to the gy niecologist. 
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F. LEGAL MEDICINE 

In a number of ca^oa Hontgen-my photographs have been pro- 
duced in the law-courts. The evidence they afford is mainly 
corroborative, and must be taken as furnishing grounds for the 
testimony of expert witnesses. Their special value is that exact 
evidence apparent to the senses of everyone concerned is rendered 
available by the use of unerring scientific apparatus. With the 
average juryman an ounce of such fact is likely to outweigh a ton 
of theory obtained from roundabout deductions. To put the 
matter in another way, the testimony of a general practitioner 
armed with a corroborative Riintgen photograph would go far 
towards upsetting the contradictory statements of the most highly- 
skilled surgeon, provided the opinions of the latter were liased 
upon nothing more tangible than the ordinary methods of ex- 
amination. This point has been ably insisted upon by Mr. Howard 
Marsh* in the following passage : ' The information given by this 
method may be absolutely conclusive, and may directly contravene 
the lieat opinion that the moat highly-qualified observer has had 
it in his power, under the difficult circumstances of the case, to 
form. With a photograph before him, any layman can see what 
by any other means could be only a matter of probability, 
balanced by other probabilities of almost equal weight.' The 
latter sentence describes the precise position of a juryman called 
upon to settle the nature of an injury in the face of conflicting 
skilled testimony. To such a man an .r-ray photograph would often 
indicate a simple way out of the difficulty. 

Dr. Kichardson, of Boston, has quoted the following views of 
an American judge : 'It is the opinion of some of the judges of 
Massachusetts that v-ray photographs are not admissible as 
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evidence. One judge holds that it has not been demonstrated 
as a scientific fact that they are accurate. The process has not 
become such a matter of common knowledge that the court will 
take judicial notice of it. No man can tell by occular or other 
sensory evidence that the reproduction is accurate. The truth- 
fulness of the photograph is a matter of reasoning.' 

In considering the foregoing passage, which is a readily-under- 
stood, cautious legal attitude, it should be added that the opinion 
does not appear to be generally shared by other American judges. 
Broadly speaking, expert witnesses will, as a rule, be able to 
assume a strong position as to the absolute value of evidence 
derived from the Rontgen rays. Scientific evidence, it should be 
noted in this connection, is daily tendered and accepted in court 
with regard to new drugs and other medical discoveries, while 
photographs, in Great Britain, at any rate, have long been admitted 
in evidence. 

The radiograph may be valuable in any of the following medico- 
legal points arising in civil or criminal cases : 

1. Evidence of injury, or of the presence of a foreign body. 

2. Evidence of bodily identification. 

3. Evidence of pregnancy. 

4. Evidence of age of fcetus, or of live birth. 

5. Evidence of death. 

6. Evidence in action for malpraxis. 

I. EVIDENCE OP INJURY 

It is clear that the presence either of a foreign body, as a bullet, 
or of an injury to bone, such as a fracture, can be clearly proved 
by means of a radiogram. In some cases this may be taken a 
long time, very many years, after the original accident or injury. 
Thus, a fracture often leaves a lifelong and unmistakable record 
of its occurrence, and a dislocation may be photographed by the 
Rontgen rays at any time previous to its reduction. 

Already numerous cases have occiu-red where x-vny evidence 
has been produced in court. One such instance was mentioned 
in the British Mediail Journal for June 6, 1896, where a bullet in a 
hand formed the object of a criminal prosecution. 

A case occurred early in 1897 in Dunfermline. A boy was 
accidentally shot by a rifle discharged by an unseen person at 



MEDICAL AND SUROJCAL APPLICATIONS ^11 

a, great tllstance. Tho presence of a riflo bullet buried in the 
yyoy's lung waa admirably ehottii by a radiogram taken by a liical 
operator. In that case the man charged was dismiaaed for want 
of exact identification with the person whu fireil the shot. 

An important trial baa been reported fi'om America.'' The 
charge was one of murder against a man who, on July S, 1K97, 
shot his wife's paramour in the head with a revulver. The 
grounded man was taken to a hospital, where, on the fifteenth 
day, bis temperature, pulse, and respiration sank to u nearly 
normal condition, aiid he recovered so far as to be able to walk 
about the wards. Ho was then put under ether for fifty minutes, 
and a Rcintgen exposure made for thirty-five minutes. The tube, 
pUced at a distance of one and a half inches from the skull, was 
excited by a Holtz static generator, with a capacity of half a 
million volts. No picture of the bullet was obtained. Within a 
few hours of the exposure the temperature rose from normal to 
100'4° F. From that time to bis death on August VI, twenty- 
days, his temperature fluctuated between two degrees above to a 
little below normal, with a rise at death. The medical man who 
made the post-mortem examination repoited to the coroner that, 
in his opinion, deceased came by his death from injuries to the 
brain caused by a gunshot wound, ana-slhetics, and the i-rays. 

Nowadays, fortunately, long exposures and closeness of tube to 
object are not required in the radiography of the skull. 

Generally speaking, in any action for injury due to negligence, 
if a bone be fractured or displaced, the plaintiff may obtain 
valuable corroborative evidence from a Rontgen photograph. Or 
the defendant, on the other hand, may be enabled to show 
thereby that the plaintiffs injury is exaggerated, misrepresented, 
or non-existent. A careful distinction must be made as to the 
injuries of soft tissues, which are rarely shown by the Rontgi 
methods, but are often just as disabling or fatal to the patient. 

P n. EVIDENCE OF IDENTIFICATION 

The ar-rays may be useful in se^'eral ways in identifying both 

the living and the dead. For instance, they may prove the 

presence of former injuries, such as fractures. In the well-known 

case of Dr. Livingstone, the African explorer, an /-ray picture of 

" AmcHtan X-Ray Juitmal, March, 1S99. 
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the false joint in the arm due to the bite of a lion, an injury from 
which he was known to have suffered, would have afforded 
valuable corroborative evidence of identification. 

Another way in which the rays might be useful would be in 
determining the age of a body up to early adult life, from the 
union or non-union of bony epiphyses. Any conclusions on this 
point, however, would have to be formed with a due regard 
to the varying ages of epiphyseal union. Observations so far 
show that, apart from early bone disease, there is apparently a 
good deal of individual difference in the time of fusion of 
epiphyses. This point is dealt with more fully in a later section 
on Anatomy. 

Professor Amoedo proposes to take the measurements of the 
pulp-cavities of the teeth as a test of age. He states* that 
in 1844 Carabelli, of Vienna, Kory in 1885, and Boedeker, of 
New York, in 1894, made investigations on this point, but were 
obliged to work by the laborious method of cutting sections. 
Thanks to radiography, however, a number of teeth may be 
measured exactly within a short time. He points out that the 
pulp-chamber of the first molar is smaller than that of the second, 
a fact which he attributes to its prior eruption by six years, as 
one knows the cavity enlarges with age. 

III. EVIDENCE OF PREONANOT 

Up to the present some uncertainty attends the diagnosis of 
pregnancy by the Rontgen rays — at any rate, in the early stage 
of the living subject. It may be stated, however, that a good 
picture of the fcBtus may be obtained in uUro after removal from 
the body. Moreover, an outline of the foetus has been frequently 
obtained by several experimenters in the living subject. One 
result of a more perfect process would be to enable the English 
criminal law to replace by exact scientific methods the *jury of 
matrons,' whose verdict decides whether a woman condemned to 
death is pregnant or otherwise. Even in these modern days, the 
question is on rare occasions still settled by that ancient tribunal. 

* Lcs Rayons X, 2 Ami, 1898, p. 5. 



MEDICAL AXD SI/lCilCAL APPLICATIONS 22B 

IV, EVIDENCE OF AGE OF F(ETUS 

A perfect Eontgeii record may l>e obtained of a fietua after 
removal from the uterus. In this ivay the stage of oaaification 
can be exactly estimated, in a way that could be otherw-iae 
attained only after a tedious and ditlicult disBection. Moreover, 
by injecting the bloodveaaels with a preparation of red lead, the 
radiogram might be made to reveal the state of the ftietal circu- 
lation. 

When meilico-Iogal evidence is required of the viability of a 
ftBtus, however, the Roiitgeri photograph ia only, as a ndo, of 
corroborative value, inasmuch as it reveals the full-teim Irony 
development or otherwise. It ia never likely to supersede in any 
way the e\'idence now tendei^d and accepted as to live birth, 
such as, for instance, the hydrostatic lung test. Viability, it 
should lie remembered, is possible at seven months. The material 
things that may be readily demonstrated in court by means of a 
radiogram are fractures of the skull and other parts of the body, 
and the appearance of the osseous nucleus of the inferior femoral 
epiphysis, to which Husband, in his ' Forensic Medicine,' aa a 
result of the examination of nine intra-uterine foetuses at the 
ninth month, ascribes a maximum length of L* lines. The subject 
of ftetal ossification is an interesting one, and no doubt the con- 
elusions now laid down by anatomists will, sooner or later, be 
widely tested by the convenient Riintgen methods. 

Positive /-ray eridence, however, as to the fact of separate 
existence of a child has been suggested by M. Bordas.* On 
June f, 189fi, he laid before the Paris Society de Mi-decine Wgale 
two Rontgen photographs of fu'tal lungs which showed the presence 
of air-bubblea in those who had breathed, us against absolute 
opacity in the still-born. 



I V. EVIDENCE OF DEATH 

I It has been proposed to apply the rays as a test of death, on 
the assumption that there would be increnaed resistance on the 
part of dead tissues ; but it has not been found possible to carry 
out the suggestion in that way. The desired test, however, has 
been found in another direction, namely, by taking an x^ray 
■ 'Technique dos Rayons X,' A, Hubert, Paris, 1897, p. 105. 
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observation of the heart. During life the pulsating upper cardiac 
margin, as seen from the back, throws a diffuse shadow on screen 
or negative, whereas the non-pulsating dead heart yields a sharp 
record, both fluoroscopic and photographic. In this way an 
important yet simple addition has been made to the trustworthy 
signs of death ; and the discovery of Rontgen should thus bring 
comfort to those whose minds are possessed of the time-worn fables 
of premature burial. 

VI. EVIDENCE IN ACTION FOR MALPRAXIS 

The Kontgen rays may prove of great value to the protection of 
medical men, when otherwise it might be difficult to meet a 
charge of negligence. This point is put in a nutshell by Dr. 
Richardson,- of Boston, who writes: 'Indeed, an early fluoro- 
scopic examination of every fracture may be required of every 
surgeon for the protection of the patient, and an early photograph 
for the protection of the surgeon.' At the beginning of the same 
vear Mr. Howard Marsh advanced the statement: *From a 
medico-legal point of view the Rontgen photography will clearly 
play a leading part in cases where surgeons are charged with 
having overlooked a fracture or a dislocation, when no such injury 
is present.' 

In one instance the present writer was called upon to make a 
Rontgen ray examination in an action brought against a medical 
man for negligence in overlooking a broken rib or ribs. The 
plaintiff", an elderly, stout, asthmatic man, had been thrown out 
of a vehicle, and fell lengthwise, with his right nipple line along 
the edge of the kerbstone. As the alleged injury was in front of 
the body and over the site of the liver, it was found impossible to 
photograph the ribs in that position, although the writer has 
since succeeded in getting a perfect picture of the front ends of 
the lower ribs in a living adult man of average build. Although 
the result proved negative, so far as the plaintifi^'s ribs were 
concerned, it nevertheless revealed the fact that he was suffering 
from aneurism and from bronchiectatic ca^^ties of the lung. The 
existence of the aneurism, by the way, was denied by the 
plaintifT's physician, but it should be noted that in so large a • 
chest it would have been well-nigh impossible to discover, under 

* Boston Medical News, December 19, 1896. 
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the particular circumstaiices, the aneurism by any means Other 
Ehaii the rays. The plaintive failed to bring any positive evidence 
as to the alleged fracture, and his case broke down after the 
examination of the defendant. 

As regards one branch of irregular or ([uack medical practice 
the x-n.j photography is likely to do yeoman's service. The 
bone-setters are a fraternity who batten on the ignorance and the 
credulity of their victims. Their almost invariable plan is to tell 
the sufferer that a ' bone is out,' or ia ' broken,' or ' has not been 
properly set.' In all these conditions the Rontgen raya may he 
trusted to reveal the truth or otherwise of the assertion. Hence 
it will be wise in future for everyone who consults a member of 
that fraternity to verify the resulting diagnosis by an appeal to 
the raya before he submits to any mampulations. There is one 
form of fixed joint after injury, due to fibrous adhesions between 
the articular surfaces. In such a case the bone-sotter declares 
the joint is dislocated, and breaks down the adhusions by a 
sudden wrench. Now, in such a fixation the Kiintgen examina- 
tion shows the absence of dislocation. On the other hand, if a 
clear space indicates a joint not filled with osseous or other 
opaque matter (fibrous hands being transparent), then the im- 
mobility of the joint may safely be ascribed to fibrous anchylosis. 
Several cases of this kind, based on the negative evidence of a 
clear tracing of the joint space, and the positive evidence of a 
normal relation of bones of a fixed joint and of a previous injury, 
are given in the section upon ' liones ' (see p. 131). 

Mr. Howard Marsh has observed of the method : ' It would 
have furnished valuable information to a patient mot with some 
years ago, who had slight lateral curvature of the spine. This 
patient was told by a bone-setter that "his pelvis had opened, 
and both hia hips were out." The reassurance and the mental 
calm which a Kontgen photograph could now bring to anyone 
who, having nothing seriously wrong, had been told he was -the 
subject of such a formidable condition of things, can be easily 
imagined.' 

It may be hoped, then, that the Kontgen rays will help to rid 
the world of this class of harmful social parasites. Sooner or 
later the strong hand of Science must infallibly cut the ground 
away from under the feet of all such pretenders. 
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HINTS IN PREPARING EVIDENCE 

In seeking Rontgen ray evidence, it is clear that the wisest 
course will be for the lawyer to go at once to a skilled medical 
operator. There is no process that needs more accurate general 
and special knowledge than that involved in preparing a; -ray 
medical evidence. Pitfalls await the unwary or the non-medical 
witness on every hand, as he and his principals may find to their 
cost on his appearance in the witness-box. The following hints 
may possibly be of some service to those who are called upon to 
furnish legal evidence of the kind : 

Make a note of patient and of his case, with full details, such 
as name, address, date, history, and symptoms. If possible, 
make the examination in the presence of the medical man or 
men engaged on the opposite side. All notes to be reduced to 
writing at the earliest opportunity. 

Never neglect to make a screen as well as a photographic 
examination. 

Make an identifying mark (to be entered in notes) on all 
photographic plates. Keep all negatives and photographs under 
lock and key, and under no circumstances allow the originals to 
leave your possession. Neglect of this precaution may lose a 
suit. 

Remember that the Rontgen method reveals mainly injuries 
to bone, whereas soft-tissue damage may be quite as disabling to 
the patient. 

Be careful to guard against fallacies such as those due to 
position of parts in relation to the tube. This can be done by 
having comparative photographs of the corresponding sound 
parts ; indeed, that should be the invariable rule in legal cases. 
Wherever possible, make an exact localization. 

Sometimes firm union occurs in a fracture, although the 
Rontgen photograph may not register bony union for many 
months afterwards. 

An ununited epiphysis may be mistaken for a fractiire, or the 
injury disclosed may be one of old standing. 

Negative evidence, e.g., the absence of a bullet, is often as 
valuable as positive. 

Think out all the points of the case, and make no statement 
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which you cannot justify in the witness-box. Carefully sift out 
matters of fact from matters of opinion. 

It is well to have an understanding as to the amount of fee to 
be tendered for expert evidence before attending court. In one 
case brought to the attention of the writer, a medical operator 
was appealed to ad misericordiam to accept a nominal fee in an 
action brought against a brother professional; the latter won the 
day, and costs fell upon the other side, but no increase was made in 
the sum first agreed upon. 
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G. ANATOMY 

A (iOOD deal of light has been already acquired in relation to the 
age at which union of bony epiphyses takes place. It seems 
likely, in view of the facts afforded by Ptontgen ray researches, 
that much of the information upon this point contained in the 
anatomical text - books will have to be re^Titten. It appears 
certain, for instance, that the variation of the individual in this 
matter is much wider than hitherto recognised by the anatomists. 
The new method offers obvious advantages in obtaining data for 
general conclusions as to ages of ossific union. Supposing, for 
instance, it be desired to study the epiphyses of the humerus at 
the age of fourteen. A sufficient number of Rontgen photographs 
of the humerus of persons of that age — carefully verified, it need 
hardly be said — would have to be procured, and the results com- 
pared at leisure. This method w^ould be rapid and accurate as 
compared with the tedious and more or less uncertain observa- 
tions to be gleaned from the alternative plan of many laborious 
dissections. Moreover, the rays could be applied to the living as 
well as to the dead, and also to bodies where post-mortem examina- 
tion would be impossible. 

The most authoritative tables yet drawn up on this subject are 
those of Mr. Poland, quoted on page 152. 

ANATOMY OF BLOODVESSELS 

The injection of bloodvessels by some material opaque to the 
rays, and then subjecting them to the new method, opens up a 
wide field of anatomical investigation. In this way Dr. F. J. Clen-^ 
dinnen, of Melbourne,-^' demonstrated the arteries of a seven- 

• IrUematioiial Medical Journal of Australasia^ October 20, 1896, p. 611. 
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UOiitha fi£tua, which be had injected with a Holulion of red leatl. 
That particular sftlt waa used because, as the resuJt of previous 
experiments, he had eome t" the eoiiclueion that red was more 
opaque than other colours. His I'ecoixl afforded a shai'p and 
beautiful diagrammatic view of the arteries, eveti where they pa^ed 
behind the fcutal bones. A peculiarity such as that of double high 
division of the brachial artery was well shown. 

Ill a later issue of the same journal (January 20, IH97), Dr. 
Cleudimicii published some further illustrations ofitaineil iii a 
similar way. Thpy showed the arteries about the knee and the 
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were reproduced with the utmost fidelity. 

There caii be no doubt that this methoil may now and then 
i^rd a valuable means of showing in a graphic manner the 
&ctB of local blood-supply, both in normal and in pathological 
■pecimens. As an instance of the latter, a perfect picture could 
be obtained of circulation by anastomoses, say, in a case where 
during life the femoral artery had been tied for aneurism, or in the 
fltump of an amputated limb. 

Dr. Glendtnnen adds that in one case he obtained from the 
ring body a good record of the popliteal artery. This obse^^■a- 
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tion tH valiuible, and perhaps points to the tinio when u fuller 
knowledge of conditions in relation to results will hiing thi; hlooii- 
vessels under command of the Kontgen ray worker. 




Mesara. IWmy and Coniremouliiis have made similar ohaervalions 
by injecting the arteries with a solution of wax in alcohol charged 
with various metallic powders. 

Dr. Nathan Haw showed to the Manchester Pathological 
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Society, in December, 1896, Rontgen photographs of arteries 
injected with plaster of Paris and carmine. 

Another application of this principle of opaque injection was 
brought forward by Poncet, of Lyons.* He presented the 
Academy of the town mentioned with a series by Destot and 
Berard, showing the arterial and venous circulation of the kidney 
in various pathological conditions of that organ. 

Some of the interesting conclusions as to normal vascular 
supply may be quoted. Thus, it was found that the circulation 
in the kidney is lobar and terminal, and permits the differentiation 
of an independent anterior and posterior kidney, except the artery 
of the superior lobe, which often divides into two branches, so 
that, when it is injected, the entire upper portion is permeated. 
Professor Dawson Turner has kindly allowed a reproduction of 
photographs of an injected human kidney and heart (Figs. 96 
and 97), prepared by the slow injection of an ordinary dissecting- 
room preparation made rather thin. 

Some beautiful and instructive views of the circulation in 
internal organs, such as the brain or the liver, may be obtained 
by stereoscopy. 

The bearing of researches of this nature upon the study of the 
evolution of organs is obvious. 

Another field in normal anatomy is the relation of parts in the 
various internal regions of the body. The exact relation of the 
bladder and urethra, for instance, might be studied by filling the 
organ and passages with melted paraffin, holding in solution some 
opaque mineral substance, as zinc or lead oxide. 

In pathological anatomy, it is possible that not a few points of 
interest might be solved by injecting the hollow viscera with 
opaque solutions, and then taking a radiogram of the result. 

• Gazette, des H6pitaur, Decemlier 31, 1896. 
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H. PHYSIOLOGY 

Interestinc; results have been obtained by Messrs. Hebert and 
Bertin-Sans from the study on the screen of the movements of 
joints, more especially in the case of the wrists. The observa- 
tions will no doubt be sooner or later considerably extended. 

A number of interesting observations have already been made 
upon the movements of the heart, and also upon the varying 
relationship between the pulsating heart and the diaphragm. 

M. Bouchard'-' has reported marked dilatation of the auricle 
when the intra-thoracic blood-pressure was raised during inspira- 
tion. The same condition could be artificially brought about 
by endeavouring to inspire with the glottis shut, and occurred 
naturally during the violent inspirations of a paroxysm of whoop- 
ing cough. He also noted a clear space between the heart and 
diaphragm during forced, but not during ordinary inspiration. 

Schottt found it easy to cause transient dilatation of the heart 
by hard muscular exercise. 

Wherever in the interior of the body there is pulsation in any 
organ open to the x-rays, the process of chrono-photography will 
be available. The possible presentation of a pulsating human 
heart upon a lantern screen, by a method so young that it is yet 
barely articulate, speaks volumes for the energy of latter-day 
science. 

Dr. Macintyre has produced cinematographic views of the 
human body. This branch of the subject is likely to be greatly 
advanced when it is possible to take flash exposures of deep 
adult structures. 

Professor Benedikt, of Vienna, has found that movements of 

• Lancet^ September 10, 1898. 

f Deutsch. Med. Wochen,, vol. xxviii., p. 495, 1897. 



MEDICAL AND SURGICAL APPLICATIONS 386 

the heart are best studied in young or emaciatwi subjecCB. He 
noted during cardiac systole a shortetting between upex and base, 
and concluded there was only a systolic lateral apex impulse. 
Further, during systole the heart is not entirely emptied of blood, 
for a shadow east by reaidual blood ia recognisable. The blootlleaa 
heart is relatively transparent, but even thin layers of blood cast 
a shadow. These obseri'ations certaiidy seeni to upset Skoda's 
teaching, that the apex beat is due to the resistance of the blood. 

One of the most interesting investigations in physiological 
movements has been made on the fluorescent screen by Seheir, 
of Berlin, who reported his results to the Congress of Medicine in 
August, 1897, If the rays passed through the head laterally, 
the naso-pharyngeal apace and upper part of the pharynx were 
seen as clear shadows, unrl if the person under examination 
uttered a vowel sound, the velum was seen to Ijc raised and to 
take up a position in the nasopharyngeal space, varying accord- 
ing to the nature of the sound. With the vowel a, the velum was 
raised the least, and was successively raised more and more by 
the succeeding vowels c, o, v, i. The velum was more raised in 
high than in low tones. The form of the mouth in the pronuncia- 
tion of the dilferent consonants could also be plainly seen. The 
shape and position of the tongue, the lips, and the jaws could also 
be distinguished. The rayi> clearly showed the movements of (he 
larynx, velum, anfl other parts in swallowing, breathing, and 
sneezing, and in pathological conditions the irregularities could be 
determined with precision.* 

Messrs. Sabrazes and Rivit^re in 1897 announced to the Paris 
Academy of Science that the rays had no influence either upon the 
action of white blood corpuscles, or upon the phenomena of phago* 
cj-toais, while a frog's heart exposed to the rays for sevcial houi's 
appeared to undergo no alteration of movement.t 
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I. THE RAYS IN VETERINARY SURGERY* 

A GOOD deal of work has been done with the Rontgen rays in 
veterinary practice by Professor Hobday and others.! 

The horse's hoof he found to be readily penetrable by the rays, 
so that a foreign metallic body, such as a misdirected nail, could 
be at once detected in that region, and he obtained excellent 
radiograms of dogs and cats suffering from various accidents. In 
the J^eknnarian for September, 1896, Professor Hobday and 
Mr. Johnson wrote : * In conclusion, the authors consider that 
the Rontgen rays can be successfully applied to the smaller 
animals without much difficulty. In the horse, the mechanical 
difficulties of restraint have been successfully overcome. . . . For 
diagnosis of abnormalities of the bones of the limbs, such as 
suspected fracture of the pastern, small ringbone, sidebone, or 
foreign body in the hoof, the results demonstrate that this method 
can be applied successfully. With the bones of the neck, too, no 
great difficulty is anticipated.' 

Since that time further work has been done by Major Frederick 
Smith, of the Army Veterinary Department, and Professor Hobday, 
the results being to effect a great reduction of exposure and 
to bring the method within more practical limits, also to show the 
value of the screen in certain cases. 

The main difficulties have arisen in connection with the 
diagnoses of spavin and na^dcular disease. In spavin the close- 
ness of the bones to each other, their curved articular surfaces, 

• This section has been kindly revised by Professor F. Hobday, of the Royal 
Veterinary College, London. 

t Journal of Comjtaratire PaUwJogy and Therapeutics ^ vol. ix., j>. 58 ; Veteri- 
nary Record, September, 1896. 
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the presence of overhanging ridges so frequently found in normal 
hocks, together with the fiict that the bones are placed one behind 
the other, made the task of unusual difficulty. 



^ 




In navicular dixeaije the experimenters have up to the present had 
acknowledge failure, as the position of the bone in regard to its 

surroundings and the nature of the lesion render attempts to further 

diagnosis by the application of tbe ^-rays abortive. 
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BstRo A pRiLoiiNABT Communication to tub WCaKBuita Prvhiuo- 

Mbdicac Socibtt bv FRorssaoB Wu^glh Eonkad ROntoen, 

Dbcbmber, 1895. 

1. If we paea the discharge (rotn a large Euhinkorff coil through a 
Hittorf or s aufiicieiitlf exhausted Lenard, Crookes, or simil&r apparatus, 
ajid cover the tube with a somewhat oloselj'- letting mantle of thin black 
cardboard, we obsen'B in a conipletel}''darkened room that a paper acreeu 
washed with a barium -platioo-cjanide Hghts up brilliantl.v and fluoresceB 
equally well whether the treated Bide or the other be turned towards the 
disaharge-tube. Fluorescence is still observable 2 metres away from 
the apparatus. It is easy to convince one's self that the cause of the 
tinoresoence is the discharge from the apparatus, and nothing else. 

2. The most striking feature o£ this phenomenon is that an influence 
capable ot eiciting brilliant fluorescence is able to pass through the black 
cardboard cover, which transmits none of the ultra-violet rays of the sim 
or of the electric arc, and one iuunediately inquires whether other bodies 
possess this properly. It is soon discovered that all bodies are transparent 
to this influence, but in ver^' different degrees. A tew examples will 
suffice. Paper is very transparent ;* the fluorescent screen still liglited up 
brightly when held behind a bound volume of 1,000 pages ; the printer's 
ink oSered no perceptible obstacle. Fluorescence was also noted behind 
two packs of cards ; a few cards held between tube and screen made no 

ingle sheet of tiofoU is scarcely noticeable ; 

ve been laid on top of each other is a shadow 

Thick blocks of wood are also transparent ; 

1. thick are but slightly opaijue. A film of 

I. thick weakens the effect considerably, though 



perceptible difiereiice. 

only after several layers h 

clearly visible on the screen. 

fir-planks from 2 cm. to 8 c 

alomintum about 1-5 n 

it does not entirely destroy the fluorescence. Several i 

vulcanized indiarubber let the rays through. t Glass plates of the bi 



the same ai 
body. 

t For brevity's sake I sbould like tc 
gnish these from other rays I will cull tbem ' r-Ttiya. 



of thr brighlnvsa ot a 



xpressioti 'rays,' and to disli 
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thickness behave in a different way, according as they contain lead (flint 
glass) or not ; the former are much less transparent than the latter. If 
the hand be held between the tube and the screen, the dark shadow of 
the bones is visible within the slightly dark shadow of the hand. Water, 
bisulphide of carbon, and various other liquids behave in this respect as if 
they were transparent. I was not able to determine whether water was 
more transparent than air. Behind plates of copper, silver, lead, gold, 
platinum, fluorescence is still clearly visible, but only when the plates 
are not too thick. Platinum 0*2 nun. thick is transparent; silver and 
copper sheets may be decidedly thicker. Lead 1*5 mm. thick is practically 
opaque, and was on this account often made use of. A wooden rod of 
20 by 20 mm. cross- section, painted with white lead paint on one side, 
behaves in a peculiar manner. When it is interposed between apparatus 
and screen it has almost no effect when the x-rays go through the rod 
parallel to the painted side, but it throws a dark shadow if the rays have 
to traverse the paint. Very similar to the metals themselves are their 
salts, whether solid or in solution. 

3. These and other experimental results led to the conclusion that the 
transparency of different substances of the same thickness is mainly con- 
ditioned by their density ; no other property is in the least comparable 
with this. 

The following experiments, however, show that density is not altogether 
alone in its influence. I experimented on the transparency of nearly the 
same thickness of glass, aluminium, calcspar, and quartz. The density of 
these substances is nearly the same, and yet it was quite evident that the 
spar was decidedly less transparent than the other bodies, which were 
very much like each other in their behaviour. I have not observed 
calcspar fluoresce in a manner comparable with glass. 

4. With increasing thickness all bodies become less transparent. In 
order to And a law connecting transparency with thickness, I made some 
photographic observations, the photographic plate being partly covered 
with an increasing number of sheets of tinfoil. Photometric measurements 
will be undertaken when I am in possession of a suitable photometer. 

5. Sheets of platinum, lead, zinc, and aluminium were rolled imtil they 
appeared to be of almost equal transparency. The following table gives 
the thicknesses in millimetres, the thicknesses relative to the platinum 
sheet, and the density : 



ThicJcne88, ' Relative Thickness, , Density, 



Pt 0*018 1 21*5 

Pb005 i 8 11-3 

ZnOlO 6 7*1 

Al 3*5 ' 200 2*6 



n glasH, ordinary gli 
Of especini inter^Bt in 
plates ijhow themselvee su 
o corroborate many pli 



It is to be obaei^ed in connection with these figures that, although the 
product of the thickness into the densit; may be the same, it does not in 
any way follow that the transparency af the different tnettUn is the some. 
The transparency increases at a (greater rate than this product decreases. 

6, The fluorescence of barium -platino- cyanide is not the only recognis- 
rajB. It may be observed, first of all, that 

eiiample, phosphorus, calcium compounds, 
^s. calcttpar, rock salt, etc. 
Dany ways is the fact that photographic dry 
ceptible to j-raye. We are thus in a position 
□ wliich mistakes are easy, and I have, 
whenever possible, controlled each important ocular observation on fluor. 
eacence by means o( photography. Owing to tlie property posseaaed by 
the rays of passing almost without any absorption through thin sheets of 
wood, paper, or tinfoil, we can take the impreaaions on the photographic 
plate inside the camera or paper cover whilst in a well-lit room. In former 
days this property of the ray only showed itself in the necoBsity under 
which we lay of not keeping undeveloped plates, wrapped in the usual 
paper and board, (or any length of time in the vicinity of discharge- tubes. 
It is still open to question whether the chemical effect on the silver salts 
of photographic plates ie eiiereised directly by the j-rays. It is possible 
that this effect is due to the fluorescent light which, as mentioned above, 
may be generated on the glass plate, or perhaps on the layer of gelatine. 
' Films ' may be used just as well as glass plates. 

I have not as yet experimentally proved that the j--rays are able to 
cause tliertnal effects, but we may very well take their existence as 
probable, since it la proved that the fluorescent phenomenon alters the 
properties of Jj-rays, and it ia certain that all the incident .r-rays do not 
leave the )>odieB as such. 

The retina of the eye ie not susceptible to these rays. ,\n eye brought 
close up to the discharge apparatus perceives nothing, although, accordin({ 
to experiments made, the media contained in the eye arc fairly transparent. 

7. As soon as I had determined the transparency of different substances 
of various thicknesses, I hastened to ascertain how the j:-rays behaved 
when passing through a prism — whether they were retracted or no. Water 
and carbon disulphide, in prisma of about 30' refractive angle, showed 
neither with the fluorescing screen nor with the photographic plate any 
sign of refraction. For purposes of comparison the refraction of light rays 
was observed under the same conditions; the refracted images ou the 
plate were respectively about 10 mm. and 20 mm. from the non-refracted 
one. With an aluminiutu and a vulcanized rubber prism of 30" angle I 
have obtained images on photographic plates in which one may perhaps 
see refraction. lint the matter is very uncertain, and even if refraction 
exists, it is so small that the refractive index of the j--ray for the above 
materials can only be, at the highest, 1'03, Using the fluorescent screen, 
I woe unable to discover any refraction at all in tlie case of the aluminium 
and the rubber prism. 
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■quently 'I 
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Resenrches with priamB gl denser luetols have yielded up to 
eerlain results, on account of the amall traniparenoy. and consequently 
lesaened tntenaity, of the transmitted ray. 

of this state of things, and the importance ol the (|uestion 
whether j^-rays are refracted on paaeing from one mediuui to another, it 
ia satisfactory to find that this queition can be attacked in another way 
than by means of prisms. Finely- powdered subatances in aiilficient thick- 
allow only a very little of the incident light to pass through, and 
I diaperaed by refraction and reflection. Now, powdered substances 
are quite as transparent to z-rays as are solid bodies of equal oiosa. 
Eenco, it is proved that refraction and regular reflection do not exist to a 
noticeable degree. The experiments were carried out with finely-powdered 
rock salt, with powdered electrolytic eilver, and with the zino jKiwder much 
uaed in chemical work. In no case was any difference observed between 
the transparency of the powdered and aolid substance, either when using 
the fluorescent screen or the photographic plate. 

It follows, from what has been said, that the .r-rays cannot be concen- 
trated by lenses: a large vulcanized rubber and glass lens. were without 
inHuenco, The shadow of a round rod is darker ia the middle than at 
the edge ; that of a tube tilled with any substance more transparent than 
the material of the tube is lighter in the middle thun at the edge. 

8. The question of the reflection of the x-ta.y» ia settled in one's mind 
by the preceding paragraphs, and no appreciable regular reflection of the 
rays from the substances experimented with need be looked for. Other 
investigatiotiB, which I will describe here, lead to the same result. 
Nevertheless, an observation must be mentioned which at first sight 
appears to contradict the above statement. I exposed a photographic 
plate to the x-raya, protected against Ught rays by block paper, the glass 
aide being directed towards the discharge tube. The aensilive layer was 
nearly covered, star ttishion, with blanks of platinum, lead, zinc, and 
aluminium. On developing the negative, it waa clearly noticeable that the 
blackening under the platinum, lead, and especially under the zinc, waa 
greater than in othor places. The oluminiuui had exercised hardly any 
effect. It appeared, therefore, that the throe above-mentioned metals had 
reflected the rays. Nevertheless, other causes for the greater blackening 
were thinkable, and in order to make sure I made a second experiment, 
and laid a piece of thin alumiotuin, wliich is opaque to ultra-violet raya, 
though very transparent to j:-raya, between the aenaitive layers and the 
metal blanks. As again much the same result was found, a reflection of 
i-rays by the above-mentioned metals waa demonstrated. liut if we 
connect these facts with the observation that powders are quite aa trans- 
parent as solid bodies, and that, moreover, bodies with rough surfaces 
are, in regard to the tronamiasion of ic-rays, as well aa in the esperiment 
just described, the same as polished bodies, one comes to the conclusion 
that regular reflection, as already stated, does not exist, but that the 
bodies behaved to the z-raya as muddy media do to light. 

Again, as I could discover do refraction at the pointof passage from one 
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-loediiim to another, it would seem as if the j^-rays went through all suh- 
itances at the Bame speed, and that in a medilun which is everywhere, 
and in which the material particles are embedded, the particles obstruct 
the propagation of the j--rB;H in proportion to the density- of the bodies. 

9. Hence it may be that the arrangement of the partidea in the bodies 
influences the troDsparency ; that, for exiuuple, equal tbickncases of calc- 
spar would exhibit different transparencies, according as the rays were 
in the direction of the axis or at right angles to it. ResearcheB with 
cftlcspar a.iid quartz have yielded a negative result. 

10. It is well known that Lenard, in his beautiful investigation on 
Hittorf cathode rays passed through thin alutaini urn -foil, came to the 
oonclusion that these rays were actions in the ether, and that they pass 
diffusively through all bodies. I have been able to say the same about 
my rays. 

In hia last work Lenard has determined the absorption coefficient of 
various bodies tor cathode rajs, and among other things for air atmo- 
apherie pressure at 41, 8*4, 31, per centimetre, and found it connected 
with the exhaustion of the gas contained in the discharge apparatus. In 
order to estimate the discharge pressure by the spark-gap method, I used 
in my researches almost always Che same exhaustion, I succeeded with 
a, Weber photometer (I do not poaaeaa a better one) in coraparinn the 
intensity of the light of my fluorescing screen at distances of about 
100 mm. and SOO mm. from the discharge apparatus, and found in the 
case of three tests agreeing well with one another, that it varied very 
nearly inversely as the sijnare of the distance of the screen from the dis- 
charge apparatus. Hence the air absorbs a very much smaller fraction of 
the j:-rayB than of the cathode rays. This result is also quite in agree- 
ment with the result previously mentioned, that the fluoresoing light was 
still observable at a distance of 2 metres from tlie discharge- lube. 

Other bodies behave generally like air — that is to say, they are more 
transparent for j-rays than tor cathode rays. 

11. A further noteworthy difference in the behaviour of cathode rays 
and j'-rays consists in the fact that, in spite of many attempts, I have not 
succeeded, even witli very strong magnetic Gelds, in deflecting j-rays by a 

The magnetic deSection has been, up to now, a characteristic 
'ttftrk of the cathode ray : it was, indeed, noticed by Hert^i and Lenard 

: were different kinds of cathode rays, 'distinguishable from one 
another by their phosphorescing powers, absorption and magnetic dedeo- 
tion,' but a considerable deflection was nevertheless observed in all caaes, 
and I do not think this characteristic will be given up without over- 
whelming evidence. 

12. After experiments bearing apecially on this queation, it is certain 
the spot on the waU of the discharge apparatus which fluoresces most 

idedly must be regarded as the principal point of the radiation of the 

all directions. The j'-rays thus start from the point at which, 

loording to the researches of different investigators, the cathode rays 

iping« Upon the wall of the glaaa tube. If one deflects the cathode rays 
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within the apparatus by a magnet, it is found that the x-rays are emitted 
from another spot— that is to say, from the new termination of the 
cathode stream. 

On this account, also, the x-rays, which are not deflected, cannot merely 
be unaltered reflected cathode rays passing through the glass wall. The 
greater density of the glass outside the discharge- tube cannot, according 
to Lenard, be made responsible for the great difference in the * deflect- 
abiUty.' 

I therefore come to the conclusion that the x-rays are not identical 
with the cathode rays, but that they are generated by the cathode rays 
at the glass wall of the discharge apparatus. 

18. This excitation does not take place only in glass, bnt also in 
aluminium, as I was able to ascertain with an apparatus closed by a sheet 
of aluminium 2 mm. thick. Other substances will be studied later on. 

14. The justification for giving the name of * rays ' to the influence 
emanating from the wall of the discharge apparatus depends partly on the 
very regular shadows which they form when one interposes more or less 
transparent bodies between the apparatus and the fluorescing screen or 
photographic plate. Many such shadow-pictures, the formation of which 
possesses a special charui, I have observed — some photographically. For 
example, I possess photographs of the shadow of the profile of the door 
separating the room in which was the discharge apparatus from the room 
in which was the photographic plate ; also photographs of the shadows of 
the bones of the hand, of the shadow of a wire wound on a wooden spool, 
of a weight enclosed in a small box, of a compass in which the magnetic 
needle is completely surrounded by metal, of a piece of metal the lack of 
homogeneity of which was brought out by the x-rays, etc. 

To show the rectilinear propagation of the x-rays there is a pinhole 
photot^aph, which I was able to take by means of the discharge apparatus 
covered with black paper. The image is weak, but unmistakably correct. 

15. I looked very carefully for interference phenomena with x-rays, 
but unfortunately, perhaps on account of the small intensity of the rays, 
without success. 

16. Kesearches to determine whether electrostatic forces affect x-rays 
in any way have been begun, but are not completed. 

17. If we ask what x-rays — which certainly cannot be cathode rays — 
really are, we are led at first sight, owing to their powerful fluorescing 
and chemical properties, to think of ultra-violet light. But we immedi- 
ately encounter serious objections. If x-rays be in reality ultra-violet 
light, this light must possess the following characteristics : 

(a) It must show no perceptible refraction on passing from air into 
water, bisulphide of carbon, aluminium, rock salt, glass, zinc, etc. 

(6) It must not be regularly reflected to any appreciable extent from 
the above bodies. 

(c) It must not be polarizable by the usual means. 

{il) Its absorption must not be influenced by any of the properties 
of substances to the same extent as it is by their density. 
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In other words, we must assume that these ultra-violet rays behave in 
quite a different manner from any infra-red, visible, or ultra-violet rays 
hitherto known. I could not bring myself to this conclusion, and I have, 
therefore, sought another explanation. 

There seems at least some connection between the new rays and light 
rays in the shadow-pictures and in the fluorescing and chemical activity 
of both kinds of rays. Now, it has long been known that, besides the 
transverse light vibrations, longitudinal vibrations might take place in the 
ether, and, according to the view of different physicists, must take place. 
Certainly their existence has not up till now been made evident, and their 
properties have not, on that account, been experimentally investigated. 

May not the new rays be due to longitudinal vibrations in the ether ? 

I must admit that 1 have put more and more faith in this idea in the 
course of my research, and I therefore advance that surmise, although I 
know that such an explanation requires further corroboration. 
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ANATOMY 



Blakb* studied the relation of the trachea and bronchi to the thoracic walls 
in the cadaver. He hardened with formalin, and injected a metallic alloy 
into the trachea and bronchi, which he then examined with the rays. He 
concluded that the trachea lies in the right sternal line at its bifurcation, a 
point that corresponds with the right side of the intervertebral disc between 
the fourth and fifth dorsal vertebrae. The point, however, is influenced 
both by respiratory movements and by the position of head and neck : 
in front it is just internal to the junction of the lower border of the second 
costal cartilage with the sternum in adults, and under the right border 
of the sternum at the level of the third costal cartilage in children. 

In the first volume of a beautifully- illustrated Kontgen ray atlas of 
normal and pathological anatomy, f Professor Lambertz gives a detailed 
account of the ossification of the skeleton from its. earliest appearance in 
the embryo up to the period of birth. There arc many admirable illustra- 
tions. 

The second part deals with the upper extremity. It gives many interest- 
ing examples of congenital defects, such as fcetal amputations, brachy- 
dactylism, hyperphalanxism, and polydactylism. 

Bloodvessels 

At a meeting of the Biological Society of Paris, June 11, 1898^ 
M. Turbert^ showed two radiograms, the first of which, taken from 
a dead body, showed clearly the radial and ulnar arteries ; and the course 
of these arteries coold be followed even where their radiographic shadow 
was superimposed upon that of the bone. The vessels had not been 
injected in that case nor in the second, which showed the interior tibial 
artery for the greater part of its course in the foot of an old man. 

An extensive series of investigations has been made by Mr. W. Smith § 

* Ainerican Journal of Mfdicul ScienccHy Marcli. 1899. 

f * Atlas der uormal«*ii uiid uathologischen Aiiatomie in typischeii Rontgen- 
bildem.' Hamburg : (iriife iiiiJ Silleni, 1900. 
X Lancet, June 25, 1898, p. 1788. 
§ American X- liny Jonnutl, December, 1898. 

20 
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upon arteries injected with vermilion. One of an amputation at the 
lower end of the thigh shows well the reduction of the trunk of the 
femoral artery to a slender vessel. 

An extremely good radiogram of a five-day-old infant injected with 
liquid mercury has been published by Dr. A. V. L. Brokan, of St. Louis.* 
* To the anatomist/ he writes, * the study of injected vesssls is particularly 
interesting, the relationship to the osseous system showing far better than 
some dissections.' 

Brain 

The topographical relations of the brain, the frontal and maxillary 
sinuses, and the venous smuses of the dura mater to the walls of the skull 
have been studied by Drs. Paul Kegnier and Jules Glover. A translation 
of their article on the subject will be found in the Lancet,\ 

They can hardly be said to have made any new observations, but they 
confirm and bring out various points in an interesting manner. It may 
be noted that, for their anatomical preparations, they used sections of the 
heads of young subjects in whom the cranial sutures were not yet anchy- 
losed. In order to preserve as far as possible the exact relations of the 
brain to the skull, the specimen was injected with formol through the 
carotid artery. This was repeated two or three times at intervals of one 
or two days, so as to harden the brain in situ without appreciably 
changing its shape or size. An antero- posterior section was made some 
weeks later through skull and brain. The cerebral hemisphere was 
then taken out, and the pia mater removed, as the presence of that 
membrane prevents a sharp record of the convolutions upon the sensitive 
plate. Injections of the venous sinuses were made with bronze powder 
held in suspension either in a solution of wax or else in tallow. The 
distance of the tube from the plate was always 45 centimetres (18 inches), 
and exposure varied from ten to forty minutes. The results of these 
investigations were reported to the Paris Academy of Medicine, August 10, 
1897. Illustrative radiograms are printed in the Joum<il des PrcLcticiens 
of September 4, 1897, and in La Badiographie. The authors are careful 
to point out that allowance must be made for distortions. 

Their main conclusions are that it is possible to superpose upon the 
photographic plate the outhne of the cranial sutures and of the cerebral 
fissures and convolutions. The outlines of the lateral ventricle can be 
traced. The relations of the venous sinuses, especially of the lateral sinus, 
to the skull can be defined both in the child and in the adult. The 
extremely variable form of the cavities and bony cells of the bony sinuses 
can be studied. The exact position of the three levels of the base of the 
skull can also be ascertained w^ith regard to the outer skull. The opaque 
triangular base of implantation of the petrous on the squamous portion of 

• American X-Ray Joinnwl, August, 1898, p. 358. 
t Lancet, Febniary 24, 1900, p. 525. 
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the temporal bone aan be demoustrMed. The authors corroborate the 
obaervntion that in some cases the lateral sinus eorresponded with the 
anterior, the centre, or the posterior purl of the mastoid. They mention 
a clear patch seen by the fluorescent screen normally in the head of young 
infants, and corresponding with the median portion of the brain. Tliey 
say that this normal transparency \% certainly more perceptible in the 
pathological state when the ventricle is dilated with fluid. 

SURGERY 

Excision of Semilunar CEirtilage 

Mr. F. D. Bird has published a case of a boy from whose knee-joint he 
had removed the internal semilunar cartilage ; the boy previously had 
bean almost entirely crippled from the condition of the joint with its 
accompanying I attacks of synovitis, .\fter the operation the action of the 
knee-joint became perfect, aud the l>oy could not only follow his occ^upa- 
tion, but even play football,* 

Oervical Bib: Operation 

An interesting case has been recorded by T. E. Gordon. 11. B., Surgeon 
to the Adelaide Hospital, of obliteration of the arteries of the right ann 
luid partial gangrene of fingers due to a cervical rib. A cervical rib on 
either side was disclosed by the radiogram, that on the right being the 
higher and more horizontal. Escision of this right rib reUeved the con- 
dition. The author classifies cevsos of cervical ribs under three headings : 
'(1) Where no symptoms are produced, and this is the largest clana; 
(2) where the rib gives rise to nervous symptoms otlly, such as wasting 
nnd loss of power, patn, and chilliness ; (8) where the leading symptoms 
are circulatory.' Of the last -mentioned rare condition the author collected 

Deformities 

The • Small ' Chinese Foot 
Two radiograms showing the deformity of a Chinese lady's foot, with 
a good note of the condition, have been pubhahed by Dr. J. Duncan 
Thomson,! of Hankow, China. Speaking of tho illustrations, he writes ; 

' The (irat is that of a small foot, taken uitli the inner (tibial] side next tlie 
plate ; the second ih thitt of a siimll foot, laki-u vritli the Diiter (tibiiiai) side 
next the plate. TIik defonuity ia caused, on tlio one band, by IwQding the nrch 
at the foiJt ao aa to bring its ends {the ileal and the lialls of the toea) togotlier T 
sod, on the other hand, by bending the four out^r toes uudpr the lirvt or big toe. 

* For radiogram {taken l>y Dr. Ciendiiiiien), see Inlnvaloniiil U-^ieal Jimnuil 
4'f AvMrahma, July 20, 1900. 

t BrUith Medical Joanv'l, Jiiuc 8, 1901, p. 139S. 
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Coni|mre now the skingraplis, and it ^411 W 8een that the former procedure is to 
i^use the joints on each side of the navicular lK>ne to gape, to wedge up the 
culH>id, to overrtex the ankle-joint, bringing the astragalus to lie almost at right 
angles to the leg Knies, and the caleaneum to point downwards and backAvards 
(in plaiv of slightly npwanis and liackwards), and to bring the cuneiforms and 
metatai^s to yoxwX aownxA'anis almost parallel to the big bones. As this is 
bi»g\in during infancy, the develoimient of the bones is arrested, notably that of 
the metatarsals, the cuUml, and tne anterior end of the calcaneum. This arrest 
in development extends further to the lK>nes and to the muscles of the leg. In 
tht>s*» wh»^ take exeivise the thighs are usuaUy well developed. Owing to the 
ditHculty in taking healthy exercise, however, it may lie seen that in the 
majority the whi»le 8\-8tem may suffer, and that after many generations the race 
as a whole may l>e adversely atiVn^tetl, lK)th physically and morally.' 

Dr. Carl Beck* read aii interesting paper on congenital osseous mal- 
formations before the Diseases of Children Section at the annual meeting 
of the American Medical Association, 1901. Among other cases, he de- 
scribed one of a boy of five, in whom the rays showed one phalanx in 
the thumb and two phalanges each in the fingers. Operation secmred & 
fairly good thumb. The same child had congenital fracture of radius and 
ulna in the lower third ; the bones were wired, and perfect union was 
obtained. There was, furthermore, congenital constriction at the region 
of the surgical neck of the humerus, where a deep furrow encircled the 
whole circumference of the arm. Palpation detected no soft tissues be- 
tween the integument and the bone ; an exploratory incision revealed 
fragments of the biceps, triceps, and deltoid muscles, the edges of which 
were refreshed and united with catgut. A fair result was obtained fourteen 
months after operation. Another case showed congenital absence of the 
metatarsal and correspondinj:^ phalanges ; another, congenital absence of 
nasal bones and arrested development of the nasal processes of the superior 
maxilla. One girl of nine years had congenital hypertrophy of all the 
toes, resembling elephantiasis, but shown by the radiogram to be of normal 
osseous structure. 

Hallns Valgus and Varus 

Hallux valgus, in some instances, appears to be independent of boots* 
Cases maybe classified as (a) congenital; (6) rheumatoid; (c) due ta 
boots. 

The dislocation of sesamoid bones that takes place in hallux valgus 
is shown by the x-rays in the interosseus spacje. These bones have been 
removed by some surgeons as the chief cause of the s^Tiiptoms. Mr. John 
Poland has published some remarkable cases of hallux varus. 

Bifid Phalanx 

An excellent bifid terminal thumb phalanx is shown in the Hontgen 
Atlas. t This should be compared with Dr. Beatson's case (p. 159). In 

* Journal of the Amtrican Mvdiod Associatioii, October 12, 1901. 
t * Atlas der normaleu und imthologischeu Anatomic. * Ergiinzunsheft 2» 
Tafel vii. 4. 
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the same volume are illnatrBtioiiH of variouB other deforDiities, nuch as 
thumbleas hands, inisalDg and saperouuierary digits, absent tilna, and 
BO on. One plate (Tafei viii,, 2) shows a Hupernuruerary finger on each 
baud, with three phfllanges articulated to the head of a bifid third meta- 
carpal. 

Dr. F. Winnett* has published an interesting case showing absence of 
second phalanges in toes, with presence of rudimentary second phalanges 
only in two of tbe fingers. The condition was congenita!, and was present 
in mother, grandfather, great-grandfather, and great- great-grandfather. 
Only about half the members of each family were affected. Dr. Winnett 
remarks : ' It is difficult to understand bow parts of so great antiquity. 
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Beproduction of Bone 

An interestiug case of reproduction of tbe diaphysis of the tibia after 
removal for acute infective periostitis and osteo -myelitis has been 
published by Mr. H. J. Pye-Smith.t The patient was a girl of nine ; the 
main port of the shaft of the tibia was removed from its loosened 
periosteum, and the resulting cavity stuffed with gauxe, while the fibula 
acted as a splint- The tibia was almost perfectly reproduced. (See 
Fig. 99, by courtesy of the Quarlerlij Medteal Journal.) 

Iodoform Stopping for Bone Cavities 

A most interesting description of the filling up of the cavity in a bone 
Fter removal of a sequestrum or of carious mnltcr has been devised by 
r. Hackmann.J He uses the iodoform stopping of I'roteasor von Mosctig- 
Uoothof, which adapts itself to every crevice, and is at the same time 
absorbable and aseptic. It is made of iodoform dO or 60, olei sesami 20, 
and cetacei 40 parts. For details of the method the reader is referred 
either to tbe original artiL'Ie or to an abstract in tbe Me-dical licvieie for 
September, 1901, in which some interesting radiograms are reproduced, 
showing the various stages o( filling and absorption. The metliod is 
applicable to cavities in bone, whether from osteomyelitis, necrosis or 
tuberculous caries, provided that they ore prevlnusly rendered aseptic. 
The composition used is made su as to render absorpiion slow, and thus 
avoid the risk of iodoform- pui>ioiiing. 

Bone Saxcoma 

ihe OB calcis has been described by Professor Hector C. 
Oman of sixty-eight, who had suffered for twelve montlis 

CoMOdian Jimrnal of ilslidiv mid .Siirgtrn, 8«pt«nilNir, 1901. ]>. 193, 
-f QtMrttrly Mrditnl Jmiriud, May, 1P01. \<. '^A^. 
X tVien. Klin. tVodt., May 30. 1901, p. 537. 
f Qkuigow Utdiad Jimnuil, May, 1900, ]>. 3SS. 
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fniiii pain in the BDkle. A radiograiD allowed bulging on the plantar 
lupi'ct of the (IB cnlcis. The lower half of the bone gcve a much lifter 

»luulon' thnn the upper hull and the neighbouring bontc After a| 




microscopic eiaiuijiation showed the tumour to be a rouud-cellcd 

with alveolar arrniigeineril in meshea of delieate jibro-celluliir tias 

The diBgnosiH between benign osseous cj-st and laalignunl oateo- 

is often one of no littlo difficulty. Doth arc alow and painless 
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uet, they acem in young people, often following an injury, anil present 

lore or less identical physical signB. It has been pointed out by Dr. 

art Beck.* however, that in osteo- sarcoma 'the outlines of the bone 
I klways appear more or less abnormal and indefinite, some areas even 
ftppearing entirely translucent ; while in obbbous cyst the cortex appears 
I thin and narrow, but well marked and regular. The Huid portion of the 
IB entirely translucent, the light shade showing the same regularity. 
The adjacent epiphyses are nonnaL It is especially the regularity of the 
texture of the walls of the cavity as they appear on the skiagram which 
seems to me to be the characteristic feature of osseous cyst in contra- 
distiuction to the irregular texture of osteo-sarconia.' 

The same observer has recorded a cose in which the Rontgen raj'B 
estabUshed a diagnosis of femoral aneuriBm which showed no pulsation 
on account of its extremely thick walls, and had been previously mistaken 
for DEteo-sarcoma. 

The accompanying figure is from a case of sarcoma of the radius under 
Mr. Marmaduke Shelld It shows excellently the radiographic appearance 
typical of that condition, and is here reproduced by courtesy of Mr. F. T. 

■ Addyman from his book on ' Practical -Y-ray Work.' (See Fig. 100.) 
Scurry Kickets 
An eicellent full-page illuatration of a fractured femur in scurvy rickets 
h&s been published by Air. C. G. Burton,t late of the Morth-Eastem 
Hospital for Children, London. It illastrates the bending and fracture of 

■ the bone in this rare condition, as well as the thinning of the compact 
mil of the femur and the rarefaction of the cancellous tissue. 
, Late Rickets 

An intCTeatiog case of a girl aged seventeen, in whom rickets appeared 
at five years, has been piibhahed by Mr. E. Muirhead Little,! F.K.C.S, 

• The patient wore splints and other supports from five years of age; at 
•even she took to crutches ; at eight she fell and broke the right thigh 
above the knee, and afterwards the left. The de[onnity was chieHy in 
tlie femora ; with their internal condyles touching, the distance between 
the internal malleoH was 14 inches. The lower ends of the femora curved 
baokwards, and bent the legs at an angle oF T6°- One of Mr. Little's 
chief reasons for calling the case 'late rickets ' was the condition of the 
^__ lower epiphyses of the forearm, as shown by radiograms. ' Instead of 
^^^^vIIm narrow, clearly .defined zone separating the shadows of the diaphysia 
^^^ftwkd epiphysis,' he writes, 'a wide, ill-defined blurred space intervenes. 



• Thr Anuriton Journal, Juuf, IHOl. p. f 

+ HoHpibtl, Octol'er 7, 1S9B, ji. 6. 

; itidieal Proa and Cir«u!ar, Uay 23, let 
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In ttuH Bpoee iTregul&r depositB of lune-salts have produced dark etreftka 
in the print. At the same time there appeora to be some lendencj to 
" cupping " of the hoay ends of the diaphyscs,' 

Wiring Fractnies 

The ftcuoaipanyiog radiograiiiB (Figs. 101, lOS, and 108) show the boDes 

o( ihe foreanu in u lad of ei^iteen, before and after the operation of wiring. 



Fitt, 101 




The caae was under Mr. Arbuthnot's care at Guy's Hospital.-- The injnty 
was of five weeks' standing. Both bones showed ununited ttsctora 
(Fig. 100), and the anu was flail.like. 

Mr. Lane first freshened ihe broken ends of the ulna, and fastened 
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I six weeks later treated the rodiuH ii 



r Bnptnre of Tendons 

la some casee (be rupture iif leudoiis can be demonstrated b,v meiuiB 
of the HoQtgen raji. This is especially the case with the tendo AuhiUis, 




the gap ill which can be readily seen and meoaured from the radiugraiii- 
Mr. Lynn Thomas ruptured that particular tendon on the voyage out to 
South Africa in March, 1900. He has informed the writer that he fallowed 
up the changes radiographicolly at every stage, from the receipt of the 
injury until complete cure. In iTune, 1901, the united tendon was 
1 centimetre thicker and wider than that on the uninjured ^ide, 



J 



TMK mOSTfiEX ILtrs IX XEblCAL WOMK 



Dr. O. W. Dvaa* iSuwnm-aik-'Ijut^ gni^ by tfaadow on screen, pMHed 
k imall book Brantid • needlabariMl in foot, ad extracted ume. He bad 
■Sad pcvtioai] T (o find ilae Eordgn bodj b; oi 



Ersteiical Hip (Antbor's Case) 

' The foUowing cane is of intcreBt ob showing an eiaggernted instance of 
hytterical hip, and of the value of the Degutive evidence al times afforded 
by the RontKen raye. The patient waa aent lo mo by Dr. F, E. Fenton, 
ol EiUing, in order to havo a radiograph taken of the hip. She wiu tlieo 
wenrinK a hjgh-heolerl ahoe, and walked '.amely. but the Kontgen photo- 
graph Hhowed a perfectly nuniwl hip-joint. Farther examination showed 



• LnHctt, Yol, i 



rB, p. 163. 
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that the ahortcniDg was nppareat only, and there was do pain or tender- 
nesa in the joint ; no prominence of the trachanter, and no flattening or 
widening of the buttock. It appears tlial two years previously to consult- 
ing Dr. Fenton she felt pain at times in the right side from the hip down- 
wards as far as the knee. "Ahe went to a medical man, who treated her 
for hip-joint disease, Slie hitd tlie heel of her bout built up from time to 
time to compensate for the supposed shortening. On cowing under Dr. 
Fenton's care he failed to find the usual signs of hip-joint disease, and the 
true nature of the condition was confirmed by the radiograph. The 
patient came of a markedly phthisical family, and was of a neurotic 
temperament.'* 

MILITARY SUKGiatY 

Discuasing the best kind of Itlintgen ray apparatus for miUtary use, and 
the place in which the apparatus should be used, Borden arrives at the 
following general conclusions : 

' First, the place for the apparatus ix at general hospitals, permanent 
hospitals on the line of communication, and on hospital ships. 

' Second, that, in equipping haso and general hospitals for war service, 
coil apparatus, actuated by primacy batteries, should be supplied. 

' Third, that in percnanently-established hospitals, where there is no 
dynamo current available, tile static iiiaclilne will probably give best 
satisfaction, especially If motor power can be had. 

' Fourth, that in permanent base hospitals, or on hospital ships supplied 
with direct currents of 110 to 120 volts, the " break-wheel " apparatus will 
give the highest obtainable efhtiency.' 

The above was written in December, 18S9, and deals with experiences 
of the year 1H9B. It is likely that equally good results might be obtained 
with mercurial breaks as with Edison's ' break-wheel.' The following 
description of the latter apparatus is taken from Borden's book.f 

'The distinctive feature of the " break -wheel " apparatus is that there 
is no vibrator on the induction coil, its place being taken by an in- 
stantaneous air breuk-wlieel device. This device consists of two toothed 
wheels mounted on the same shaft, the projections, or teeth, making 
contact with two flat brushes which bear on the outer peripheries, and by 
which the current is brought hi and led out again. These wheels arc 
rotated at very high speed by a small direct -current motor, which also 
runs a pressure-blower. The air blast from this blower enters a bifurcated 
tube, and is connected with two flat nozzles immediately over the contact 
brushes. When the device Is set in operation by starting the motor and 
connecting the primary of the coll in series with the binding-post, the 
spark, formed at the contact brushes when the coil is eiiergined, is in- 
stantaneously blown out by the air blast at the moment of formation. 
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This greatly increaseB the rapidity of change in the magnetic circuit, uid 
consequently vastly augments the eleclro- motor force in the secondary 
coil. In consequence, HiiDl^en radiation of higher penetration and 
«fficiency ia produced in the tube. The apparatus can be worked only 
by 1 10 to 120 volt direct current.' 

Mr. MakiDB* has written an excellent book giving an account of hie 
surgical experience in the South African War. It conlaisa a nuinbar of 
excellent radiograms and deacriptions of gunshot wonnda. By the aathor's 
courtesy is inserted the accompanying figure, which should prove usefnl 
for the radiographer who is called upon to interpret gunshot fractures : 





Yk 



101. -Kiv 



Till 



f Fr.\c 



A, Primary lines iiC str>llate frsctiii-e : w«lgts driven out laterally wid pointed 
«xtrt^iiiitie8 left tn main rrogniciitB. )t, Deve1i>)inipnt of Bsme lines by a bullet 
tmvplling at a low di-f^i'c of velocity ; tiupjiressiiui uf two left-hand limhe and 
snlistitnlion of a traii«verae line uf fracture ; a spurious fomi of perforation. 
C. Tyjiical eom]>let» werlge. 1), Incomplete nedge ; ini|iHct of bullet, lateral or 
obliiiue. and two left-baud lineH seen iii A are iiU]i|irtssed. E. Oblique single 
line, one rigbt mid i>n<- left hand line srcn in A supprvsHed. The influence of 
leveruge troni wei^bt of tlie liody [ii-oluiMj aot-s here. 

Mr. Clinton Bent,t special war correspondent in South Africa for the 
Britith Medical Journal, has given some interesting notes on bone 
uj n du Ma bull ts. He concludes that the difference between 
en h u ]un nil t d at h rt and at lon^ ranges is less than wonld be 
exp t d A fa n portant factor is the part of the bone atmck. 

B 11 t tnk g th la ):; 1 and highly cancellous ends of the long bones 
app a t d II w th ut f acture only in certain positions, such aa patella 
and Ion nd f f u ( acture is common with drilling of the tibia, 
upp and 1 w nl a d 1 the humerus and radius. 

Tl tent f d ag t he compact tissue of the shafts of long bone" 
3 natur 11 gr at 1. g at deal depends on the angle at which the 

• 'Experienernof tlie.Soulli AlHcsn Cum]>ui«ri,' (i. H. ilnkiiin, F.B.C.S., Uto 
Consulting Surgeon South Afiicaii Field Force. 
t British JMinil JoHnial, Alffil 21, IBOO, p. 969. 
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bullet strikes the bonas, partly, no doubt, bocauso of its effect in diatortiog 
the missile. The writer makeB the pertiuent remark that a line drawn 
hetween the apertures of entry aad of exit does not afford a trUBtwortfay 
clue of the course of the bullet. 

On the whole, he doea not advise immediate radiography in the case of 
fractured femurs at the front. Tlie difficulties, he points out, in getting » 
satisfactory radiosram of that part in a muscular young man are consider- 
able. The patients have to be transported a long distance, sad any good 
that might be gained by a, radio^atn would be more than counterbalanced 
by the harm that would result from disturbing the patient. The use of 
the rays, therefore, was usually deferred in injuries of the long bonea of 
the lower estremity until some union had taken place. 

Bullet lodged in tha Axilla, 

In this case a radiogmm. taken by Hr. E. G. J. G, Calverley, of the 
'Y^rtland Field Hospital, showed a bullet lying between the axilla artery 
and vein. The entrance wound was a little above the incision of the 
deltoid muscle. The bullet was removed by Mr. Anthony Bowlby.* 

Ounshot Wound of Brain 

An intfiresling case ia related liy Borden t nf « [irivttte Holdier who on Msrch 27, 
1899. w«9 allot iu the head by a Maniier bullet, wliicli cnteieil an inch almvp the 
Hupm-orbital ridge slightly to tlie loft of thp niiddia line. The fureign body wu 
found by the Rimtgcn rays to lie lodged in the left occipital lobe. Six iiionths 
after the injavy his t^neral condition va» good. He suflbred pain nt times in thr 
Inmbar region and in frout of the left j»rict»l arninence. There was no loai of 
potrer on either side, but some wesknoss in right arm and legs nod a sloH'ii»8i in 
response to mental impulse. No epileptiform seiiuros, no disturbance of nutritioii 
or bodily huictioiis. Tlio patient afterwards entered the mail servioB. and 
returned to Manila on daty.^fitjiorftd by Mnjor A. C. Qirard, Hurgem U.S.A. 
Army. 

Onnshot Injuries of Spine 
Borden J relates two cases of bullet injury to the spinal cord. In both 
initMiceB a radiogrum showed that the missile lay outside the spine. 

' Case 12. — OniaJiot injury of the con} ; Mauser bulicl lodged in bad: ; iocalizo- 
tin* bg ROtdg'-n ran : rnnotal ; diacharge/or disability, 

■C. J. R., private, wounded at Ualote. Phihppine IsUnds, June 31, 1398. 
Bullet entered at a point over the middle of the left deltoid niaaclc, opposite the 
aurgical neck of the humenis. At the time of the casualty the arm wss dotiected 
from the tbotai at an angle of shout flO°. There was no wound of ™L Imme- 
diately upon receipt of the i]i,[ury thn patient CM to the groaud, and there was 
Domplflte piiral3'ai8, involving both the upjier and the loHTr extremities. He was 
removed to the hospital, soon liecame unconscious, and remained lo for two days. 

* For excellent illustration, see IMermUmial Medicai Jo%rtutl of AuHralanii, 

-' ' "" ). ■162. 

II Spanish- American War.' For full details of this case. 
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There was no discoverable active haemorrhage or fracture. Reflex functions, so 
far as it was {jossihle to ascertaiu, were entirely absent below that portion of the 
spine wliere tlie injury was sujijwsed to be. There was rectal and vesical paralysis. 
After an interval of tliree weeks, during which time there was no improvement 
he began to regain control of liis arms. A progressive change for the better was 
inaugurated, followed by j>artial restoration of power of movement. Complete 
sensibility, both as to pain and temjKirature, returned to the right half of the 
body. He was transferred to the Division Hospital, Presidio, San Francisco, 
October 22, 1898. At that time he was able to walk, though >vith great 
difficulty. On his arrival at Presidio there was a loss of electro-contractility, as 
to sensibility, in the left arm, forearm, and hand, left half of the thorax, left half 
of the alKionjen, and left leg and foot. There was loss of sense of temperature 
over this area. TractiU' sense, however, was generally present. A partial 
^laralysis of tlie spliinitcr ani and vesica? jKjrsisted. Knee-jerk increased on 
right side, fcc])ly present on left side. Motion of the extremities was almost 
completely restored. Symptoms in reference to the brain negative. Sexua. 
power and <leHire almost nil. No ankle clonus. No irregularity in any of the 
internal organs, J tut a languid and sluggish condition, lacking the power of 
vigorous action. 

Manuary 2, 1890: Motion now only slightly imnaired in left upper and left 
lower extremity. Co-ordination of muscles virtually normal. Power of muscles 
is inhibittd in right leg. Electro-sensibility absent in left lower extremity, 
extending from tlie crest of tlie ileum to the plantar surface of the foot. There 
is also loss of tl»e sensation of temjHTature over this area. Sensibility completely 
absent in left leg and foot. Mobility absent in left foot. Micturition and 
defecation disturliances are still present. Sexual {X)wer is diminished, but desii^e 
is normal. As far as he can remember, there has l)een a constant dull pain in 
the back in the region of the third intercosbil sj>ace, an inch and a half to the 
right of the spinous process of the third doi-sal vertebra. A radiograph shows 
a lodged Mauser bullet at the point where the pain above mentioned exists. 
Bullet was extracted March 7, 1899, and, as the patient remained disqualified for 
military service, ho was tinuUy discharge<l on account of impairment of mobility 
of right leg and thigh and loss of sense and contraction of the left leg.* — Case 
rr/f&rfrd by Major W. S. II. Mnttlu^rs, Surt/roji l/.S. VulunUera. 

'disc \'6. — E. M, reporter, wounded at La Quasimas, July 24, by Mauser 
bullet, which entered the back an inch to the left of the spine at level of sacro- 
lumbar articulation. Complete paralysis of the lower extremities and loss of 
sensiition followed the recei})t of the injury. Patient entered the Roosevelt 
Hos}»ital in New York, where Dr. Abb** took a mdiograph of the case, which 
located the missile lying butt-end foremost one inch to the right of the first 
lumbar vertebra, and deeply placed in the neighbourhood of the renal vessels. 

'The position of the bullet precluded the possibility that the symptoms were 
due to the ]»ressure from the missile. Dr. Abbe did a laminectomy, and removed 
all the depressed fragnjcnts of bone which were pressing on the spinal cord. The 
bullet was not removed.' 

The latter case especially indicates the value of knowing the exact state 
of matters as regards the muscle and the spine. The surgeon was 
furnished with grounds for laminectomy and for leaving the bullet alone. 

Location of Bullet in Tongue 

Marcus and Boisson* reported to the French Academy of Medicine a 
case in which a bullet was located and removed from the byoglossus 
muscle by the -P-rays. After the operation a hysterical hemiplegia dis- 
appeared. 

* Gaz. des II6p., September 22, 1898. 
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Nimier luid l&tai* have published an intereatiiig article upon aceidentaJ 
poisoning due to the retention of lead iniBBiles. They give an illustratien 
showing a great number of So. 9 shot, manj' ot them miBshapen or 
reduced to fragmcnta, scattered along the track ot a wound between the 
knuckles of the hand and the lower half of tha forearm. There appear to 
be some hundreds of pellets and metallic fragments. Abdominal colic, a 
blue line on the gums, and other signs of lead- poisoning, occurred. Opera- 
tion on the arm was followed by recovery with good movement of the 
fingers. a 

FOREIGN BODIES ■ 

Leg ■ 

In a cnae under the writer's care, a young woman had run a broken 
needle into the leg. On examination, a puncture waa seen with a localized 
swelling of about ^ inch in length. A Riintgen ray photograph showed 
the absence ot any foreign metallic body. The swelling was, no doubt, due 
to septic inoculation. 

[Note the value of negative evidence : In deforming joint conditions, 
especially in the young, it is often a valuable aid to diagnosis and treat- 
ment to ascertain the absence ot disease in bones.) ^J 

Foreign Bodies in Stomach ^ 

Dr. W. S. Hfllstead,t Professor of Surgery, Johns Hopkins University, 
has published a radiogram of tiie stomach of a juggler, aged twenty-one, 
from whom he reuioved 208 foreign bodies and 74 grammes of gloss by 
the operation of gastrotoiny on March 14, IIKX). Recovery was rapid and 
complete. The Lst of articles removed included 20 pieces ot small dog- 
chain, B pieces ot other chain, 64 wire nails, 3S ordinary nsila. 7 knif« 
blades, and numerous other things. 

Professor Habtead doex not tnention the total weight of the articles 
removed, but he has appended an excellent epitome of the literature of 
foreign bodies removed successfully, by gastrototny. A girl of ten years, 
under Mr. Mayo Robson'g care (see Lancet, 1H94, p. 102K), furnished the 
record number. 

This case sliould be compared with the one tigurecl on p, 10!) of the 
present volume. Dr. Halstead'a radiogram shows an cjuatly blurred 
outline ot stomach contents, with no indications ot the details ot the con- 
tained mass of articles. 

A Nail in tbe Trachea 

Dr. QaretJ reports a case of a child aged twenty months who swallowed 
a nail 2 inches long, which was thought to have passed into the stomach. 



^^^_ * Le Cadiitif, Jaunial uf & 

^^^L t The Johns Hopkins S-i-p 
^^^^H X Therapie, D, (jevonwart 



if Aitny Mediciue, Septenihcr 7, 
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Some time after, as the child was getting thin, and a radiogram showed 
the foreign body to be in the windpipe, the nail was removed by a power- 
ful electro-magnet through a tracheotomy wound. 

(Esophagus 

Segond* removed a toothplate successfully by left external cesopha- 
gotomy. The foreign body was located by the rays at the level of the 
interclavicular notch. The plate had a metallic hook which ran into the 
wall of the gullet, so that the foreign body * required considerable location * 
before it could be dislodged. 

A lady's hat-pin was demonstrated in the gullet of an infant aged 
fifteen months under Mr. Ballance at St. Thomas's Hospital. It was 
lodged at the lower end of the (esophagus* the head being about the level 
of the cardiac end of the stomach. The pin was removed by a small 
incision in the stomach wall. 

A most interesting case of removal of a toothplate from the oesophagus 
of a lunatic patient has been recorded by Dr. Nathan Baw.f The foreign 
body was seen with the fluorescent screen to be lying at a point a little 
below the upper end of the sternum, apparently fixed transversely across 
the ^llet. An hour's patient trial with the forceps faUed to remove the 
foreign body. With the aid of the screen, however, a long forceps was 
guided down to a projection of the plate, which was extracted with the 
use of considerable force. The patient lost a good deal of blood, but made 
a good recovery. 

Abdomen 

J. H. MorganJ removed a piece of stay-busk from the stomach of a man ; 
no ar-ray record, because metal was perpendicular to the sensitive plate. 

N. Davies Colleyg removed a packing-needle, 4 inches long, swallowed 
by a woman of thirty-six four months previously. She had obstinate 
constipation and painful swelling, 2 or 3 inches in diameter, above front 
half of left iliac crest. With the rays the needle was visible, lying in a 
nearly vertical position. On cutting through the muscles some fibrinous 
exudation was found upon the transversalis muscle. On the supposition 
that the needle had been pushed back into the bowel, the wound was 
then closed. A month later, the needle not having been passed per 
rectum, it was removed from the descending colon by operation. A good 
localizing radiogram had been previously taken, which showed that the 
needle lay vertically about halfway between the middle line and the 
outline of the flank. Its lower extremity was reckoned to be 2^ inches 
from the surface, and its upper extremity a little further back. A note- 



* Lycii AU(firaIc, August 5, p. 490. 

t Liverpool Medico-Chimrgical Journai^ September, 

X Lancet, February r», 1898. 

*5 Ibid., January 13, 1900, p. 96. 
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worthy point *ftB the rapid absorption of adheaionB in the interval between 
the two operations. 

Foreign Bodies in Keck 
Mr. R. Clement Lucas localized by the j--rays, and «ubseqiienlly re- 
moved, a buUet from the front of tlie second cervical vertebra. The case 
was reported in the Surgery Section of the British Medical Association at 
Portsmouth on August 2, 1899. 

Bullet in Back 

A bullet was discovered by means of n, radiogram lodged near the dorsal 
spine of MaHre Labori, the brilliant counsel who defended Captain Preyfus. 
He had been shot in the baek by an assassin, and his political opponent did 
not hesitate to assert that the alleged attack was merely a trick to gain 
sympathy. The denionstration of the bullet by a Biintgen photoerSpph 
afforded conclusive proof to the contrary. 

In the case of President McKlnley, the j:-rays were not used to locate 
the bullet. It seems likely that the surgeons in attendance regarded the 
evident wound of the stomach aa the indication for operation without a 
moment's delay. As shown in the residt, the progress of the case would 
not have been otherwise bad the bullet been located and removed. 

Foreign Bodies in Ere 

With regard to ophthalmic surgery, Mackenzie I)aridson* has improved 
his localization methods in various ways. He has applied stereoscopy with 
much saccess in the examination of the eye, and the apparatus generally 
has been improved and simplified. ' Stretched piano-wires are now 
employed,' he writes, ' instead of knitting- needles, ood the point from which 
the j:-ray8 originate on the anode can be quickly centred by vieiving it 
over a rod with a rifle-sight properly placed, and so adjusting it that the 
point where the piano-wires intersect echpses the radiant point, which 
glows visibly when the tube is in action.' 

Detection of Uriaaxy Stone 

Improved apparatus has enabled operators to detect stone in the bladder, 
kidney, and ureter with much greater precision and certainty than 
formerly. The position of the rays with regard to renal calculus has 
been fairly summed up by Mr. P. J. Freyer,t as follows : 

' The cbcumstances whicll miUtate agunst the success of this method 
of diagnosis are : The stone being small, the patient being stout, the 
movements of the kidney during respiration blurring the image, the shadow 

* See Transactiona of llie Nintli liiUmatioual OplitliUilmjc Cungress, Utrei?bt, 
1899, and article in vol. xix. of the OphthalniologicBl Society's Trausaotious. 
+ Britifh Medical Jmirnai. ttay 25, 1901, p. 1258. 



268 THE PJlSTGES RATS IX MEDICAL IVORK 

cast by the stone being concealed by that of the bones, and the calculus 
being phosphatic, any one or more of which may render this process 
nugatory. When a distinct isolated shadow resembling a stone is shown, 
you may be pretty certain that there is one present. But negative 
evidence as to the presence of stone by the Bontgen rays should not deter 
you from exploring the kidney by operation when the symptoms of stone 
are well marked.' 

Seud Calcnliis 

This subject is discussed by Dr. C. L. Leonard* in an article dealing 
with fifty-nine suspected cases, in twelve of which a positive result was 
obtained. One negative result proved misleading, as a calculus was after- 
wards found. The error in that instance was due to the use of too small 
a plate. 

Jonathan Hutchinson, junior, F.B.C.S.,t ^^^ <ui exceUent paper before 
the Section of Surgery at the Cheltenham meeting of the British Medical 
Association. 

* The skilled use of the Rontgen rays,' he remarks, * will now rarely fail 
to demonstrate both the exact position and the size of any renal stone. 
The early and positive recognition of the latter not only secures resort to 
operation before the calculus has led to secondary degeneration of the 
kidney, but in certain doubtful cases the proof afforded by the rays that 
no stone exists wUl save the patient from an unnecessary, and possibly 
dangerous, exploratory operation. In no department of surgery has the 
discovery been of more practical use than in that of the kidney. It is 
especially with regard to the kind and severity of the operation required 
that the ;c-rays are so valuable. They will, for example, in a given case 
tell the surgeon that there is a single stone 1^ inches long placed trans- 
versely 8 inches from the first limibar spine and the same distance from 
the iliac crest. The operation becomes then merely the extraction of a 
somewhat deeply-placed foreign body. There is no object for an incision 
longer than is required to give free access, and stiU less for disturbing the 
relations of the kidney or forcibly dragging it into the Hght of day, or for 
prodding it in all directions with needles.' 

The accompanying radiogram of a renal calculus is reproduced by 
courtesy of the author. 

Mr. Hutchinson's conclusions are : 

1. The a:-rays (except, perhaps, in stout subjects, or in the case of very 
small stones) enable an exact diagnosis as to size, position, and number of 
renal calcuU to be made. 

2. They enable the surgeon in performing the operation of nephro- 
lithotomy to do so with the least possible injury to the kidney, and to 
dispense with bringing that organ to the surface of the wound. 

* Annals of Surgery, 1900, p. 162. 

f British MedicaZJotirnnI , October 19, 190], p. 1131. 
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I 8. Limited inciaious made directly over the calculi through the renal 
L pdvis are to be preFerred when practicable. Such wounds of the peUis 
heal well. 

4. Before the operation it is most iujportant to get the urine in a. lieolthy 

5. Benal calculi, however Hiiiall, should be operated on aa eoon a.i they 







are diagnosed. Their danger to tlie kidney atructure and to the patient's 
life bears no relation to thair size. 

With regard to renal calculi, It may be remarked that tliere is no method 
devised of securing it radiographic record in the ease of ver; UX 
Hence, in giving details of cases, it is always important to note 
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the girth of the person as well as the length of the exposore. It is eerlain 
that no renal calculus could be taken in fifteen seconds, exc^t in the ease 
of a very thin subject. With the most powerful modem apparatus five 
minutes is needed to get through the abdomen of a stootly-built 
say 40 inches round the chest. In a patient who measured 45 
round the abdomen, the present writer (Dr. Wakh) was able to secure a 
record of ribs and spine, but showing no sign of calculus. That result was 
obtained with a five minutes' exposure with the antikathode at a dist a nr e 
of 22 inches from the sensitive plate. To procure that result, howerer, 
numerous experimental exposures were required, and it is probable that 
most radiographers would decline to attempt the search for a renal cal- 
culus in a patient of so large a girth. 

Stone in Ureter 

Many cases of stone in the ureter have been located by the rayiL Dr. 
J. W. EUiott * reported a case in which a calculus was shown in the ri^t 
ureter, just above the crest of the iHimi, from which positioii ft was 
readily removed by operation. He alluded to six other cases m entioned 
bv Leonard. 

A good case has been published by W. W. Keen* M.D.,t of a calenhia 
located in the ureter by the Rontgen rays and afterwards zemoTed by 
operation. The patient was a boy of ten years, who had a history of an 
attack of hdematuria at two years of age. From dve to ten there were 
recurrent seizures of pain in region of left kidney, extending to scruiiuu and 
penis. The calculus^ which was rou^ and dark, consisted <^ caleiixm 
phosphate^ and lay in a pouch partly intra-ureteral azkd partly iormed 
between the ureter \njl the rectum. 



FRACTURES AND DISLOCATIONS* 

Formation of GiDns 

Manoory^ of Chartre^ called astensioa to the forma&Laa of celfais as 
wascb«d by the radiograph. At the end of a dozen days there appeers al 
the extremitwft of th« fragments a U^t clobi that gradual^ becomes 
decrser. If the fm^mients be acvurasely appceed. the ealhzs fixms at the 
lev^I of the fracture a diJfuse globular nukss^ which lissle by httfe 
fusitcnu and couipact. If there be ;$2i;g:h6 overlapptnic. a ckrady 
eloi$es the medTJuULary oaoal oi each tra^^meat* and nxakea a thick Layer 
kuerally at the lev^I of contacc. The time a£ Bormacioa of a 



*■ ./vurtiu ff •/!'. A tu.-*'*CJtf^ M'tiiK^u A->;f^uu .Kfii^ Au;;iUj*C -"JI. IJ«)1, p. 
^ T!irrtwii:a l^c^fmAinwAl C^u^ressj^ ^t )LnNUvut«;. I*^rt» vS«:Cua K S 
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ia variable, tmd depends upon the thicknBSH ol the bone. Id certain casea 
— BBpeciall; oblique fractnrea of the tibia — the callus may remain for a 
long time invisible, almoBt up to the time of complete oiiion. 

Tilt above evidentl.y applies to the ossilication of a subperiosteal callua, 
which, in the opinion of most English surgeons, would not be formed it 
absolute immobility were obtained. 

Dr. C. L. Leonard,* of Philadelphia, writes : 

' The advent of the BiintgeD method ioto the diagnosis of fractures has 
created a higher standard by which the results obtained in the treatment 
of fractures must be judged. The practitioner can no longer be said to 
have employed all the means and knowledge to the best of his ability in 
the Ireatrucnt of a fracture unless he has employed, or suggested to his 
patient the employment of, a skiagraph. In addition, if the skiagraph 
shows that perfect coaptation and ligation have not been secured, he must, 
at least, offer his pationt the alternative of operative intervention, and 
r Bmploj it if it is desired.' 

B Old Qreen-stlck Fracture of the Humerus 

A ourioHB case of this kind haa been reported by Mr. K. W. H. S!ienton,t 
of Quy'a Hospital. 

The injury was of three years' standing before its nature was cleared up 
by the RcJntgen rays. Those who previously examined it said unhesita- 
tinglj that both the bones of the forearm were dislocated outwards, but 
the carious point was that the movements of the joint were quite perfeal. 
The explanation furnished by the radiogram was that the external con- 
dyle remained in its proper place white the articular surface was ' skewed ' 
inwards. The fracture must have been undiagnosed at the time, and had 
the Rfintgen nijs been available the patient might have been saved the 
deformity. 

Fractares about Elbow-joint 
A lady cycUst feil while dismounting from her machine ; her elbow was 
injured, and the dislocation diagnosed and reduced. After months of per- 
severing exercise movement was restored ; but a hard lump could be felt 
in front of the joint, the nature of which was open to speculation. On 
I being examined by the Hontgen rays, the cause of the lump became ap- 
□ a splinter of bone an inch and a half long embedded in the 
panscle. This bony fragment had evidently come from the humerus ; at 
time the head of the radius showed an impacted fraoture- 
Maitbei fracture had been diagnosed at the time by the surgeon who 
mded the case. ; 

• A>uj yori- Mtdiad Ntav, Kebiuary M3, 18U1, p. -iin. 

t PhyticUtn anil Suri/toii, March 'i'l, 10()(l. 

J B. W. H. Shenton, Phytidan and SurijcuH, March 22, IHOO. 
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Fractured Olecranon 

Mr. F. D. Bird has published a radiogram showing the advantages of 
open suture in fracture of the olecranon. The accident had taken place 
three months before the operation, and the arm was almost useless. A 
thin slice was sawn ofif each of the fragments, which were then brought 
together by platinum wire passed through them from side to aide. That 
method, in the opinion of the operator, gives a better grip and more 
accurate approximation than vertical sutures. 

Mr. Shenton^ mentions a case in which the olecranon was not only 
completely severed from the shaft of the ulna, but was also fractured 
vertically. He suggests that perhaps a more valuable use of the Rontgen 
method than the power of actual diagnosis is the facility it pj^sents for 
watching the progress of a fractured olecranon as regards recovery. 

Forearm 

Fracture of the lower end of the radius with anterior displacement, the 
so-called * Sniitli's fracture,' is described with illustrations of cast and a 
radiogram by Dr. John B. Roberts, t of Philadelphia. 

He refers to a monograph on the subject presented to the American 
Surgical Association in 1896, recording a nmnber of cases from his own 
practice and from other sources. The radiogram is that of an old case, 
and shows the prominent lower end of ulna projecting, so to speak, over 
the displaced carpus. 

Hand 

As anticipated, the Rontgen ray methods have shown that metacarpal 
fractures are more common than was formerly supposed. There is usually 
little displacement, since the adjoining metacarpal bones act as efficient 
splints. 

In some cases where there is lateral displacement, union in a bad position 
may lead to much deformity and loss of function. Reduction is always 
easy if the exact nature of the injury be known ; it is therefore desirable 
in such cases to examine the fracture by means of the Rontgen rays. 

A good account of this injury is given by Dr. Carl Beck, J of New York. 
He describes a case in which a man sustained fracture of the fourth meta- 
carpal in striking a blow with his fist.§ 

Dr. Beck treats these fractures by a simple splint made of two rubber 
drainage-tubes lightly pressed into the adjoining interosseous spaces, and 
kept in position by strips of plaster passed round the hand. 

* E. W. H. Sheiiton, I'hifsiciaii nnd Surgeon, March 22, 1900. 

t Philadelphia Mnli^al Journal, March 9, 1901, p. 482. 

X *Treatriient of Fracture of the Metacarpal Bones,' Carl Heck, M.D., Xeic 
York Mcdiral Journal, August 4, 1900, j). 177. 

§ For abstract of case, with illustrations, see Medical Revicu\ November, 1900, 
p. t)87. 
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'. O. T- Beateon, of Gtas(;ow, has published an excellent illustration 
' of the so-called ' stave of thumb,' or Bennett's fracture. The fracture is 
an oblique detachment of the palmar half or more of the articular surface 
of the metacarpal bone facing the trapezium, while, in addition, the entire 
uietaCflrpal bone, except the little piece of tlie base so separated, has 
slipped backwards, no doubt llirou^h the action of the extensor ossis meta- 
carpi and other muscles, and this simulates a dislocation of the bone in 
that direction. 

In his original description Professor E. U. Bennett, of Dublin, sa,ys that 
fracture of the metacarpal bone is more coimnon than that of an,v other 
of the metacarpals ; and, further, that, when the fracture occurs in the 
metacarpal bone of the right thumb, it \» not just aboia the middle, as is 
usually asserted, but that it is situated nt the base of llie bone. The injury 
simulates dislocation, and is coounonly regarded as a sprain of the thumb. 
When tmtreated, after a long period of disability it unites with sll^'ht de- 
Simple Fracture —First Phalanx 

Ho far as we know, this injury appears to be rjLre apai't from compound 
fracture. 

A case is reported bj M. Estrabaut* of a man whose forefinger swelled 
cunsidorabty after striking; another man with liis fist. A radiogram showed 
an L-shaped fracture involnng half the articular end of the first phalanx 
and extending thence obliij^uely down the shaft of the bone.f 

Lower Iiimb 

Y A. Barker reported a stellate fracture of patella, the result of direct 
!, that might have been overlooked but for the j'-ra.t's. 
Dr. J. N. Hemrjt reports a case of two friM-tures of the knee-cap, one 
followinfc eight months aft«r the other. Only one fracture could be felt, 
but the rodio^am showed two fractures iti a greatly enlarged knee-cap, 
ineaauring 3J inches in length. This result bears out a statement of 
Hamilton, that fi*e months after the fracture of the knee-cap refraeture 
is not more likely tlian if the prei'ious fracture had not occurred. 

Tibia 

Dr. J. Grit!tith8,§ Header in Surgery at Cambridge, has shown that 
spiral fracture is the most common fomi of fracture so far as the tibia is 
concerned. This view has been confirmed by numerous observations on 
radiograms of fractures in question taken at Guy's Hospital. 



I 



• '/oMffe <Ua mjiitmu: Aiigiat 9, 190n, |.. SOB. 
t For ntdiogram, see Mttlifal llei-irtc, Outiibsr, IIHXI, p. U29. 
I Ajnrrican JuiiTHal of Mrilital SHeiVrr), August, 1S9B, p. I8a. 
g Britvih Mfdical Jouriiai, April 21, 1900, p. ai». 
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With regard to the indications for operation in such fractures, Mr. 
Golding Bird says that operation is called for in cases where the suitable 
manipulations required by the oblique or spiral fracture fail to give a good 
position. The procedure need not, of necessity, involve wiring, or even 
screwing, for sometimes the fragments when replaced do not tend to move. 
This, however, is not generally the case, and the addition of a wire, which 
does not add to the gravity of the treatment, makes assurance doubly sure. 

What degree of * riding fragment * calls for operation must be determined 
by the surgeon in each case. To operate in order to obtain an absolute 
linear adaptation of the shin-bone that will stand the test of the radiogram 
is not justifiable. A slight displacement —say one-eighth of an inch — looks 
large when photographed, and can certainly be felt by the finger ; but it is 
not only of no importance, but will have disappeared by the natural model- 
ling processes that take place in the course of a few months. Where, how- 
ever, the * riding fragment ' threatens to become compound, or where 
there is shortening, or where the foot cannot be placed in its proper line 
and retained there, then it is (circumstances permitting, and if the best 
results are to be obtained) that operation is, in my opinion, called for. 

Under these circvimstances, the term * rare ' applied by Dr. Taft, of 
Boston, to a spiral fracture of the tibia (Fig. 62, mentioned on p. 148) is no 
longer tenable. At that time the frequency of spiral fracture of the bone 
in question had not been generally recognised. Indeed, the possibility of 
arri\ang at any definite conclusion with regard to its occurrence could 
hardly have arisen apart from the facts revealed by the Bontgen methods. 

Foot 

Before the introduction of the Runtgen methods, fractmres of the meta- 
tarsal and tarsal bones were almost unknown. These injuries, which we 
now know to be fairly common, were regarded as sprains, and not infre- 
quently treated by massage, whereby a displacement of the fragments was 
no doubt occasionally increased. 

Fracture of Os Calcis 

A ease of fracture of the upper part of the bone attached to the tendo 
Achillis has been reported by Mr. Southon.* No crepitation could be 
made out, and the diagnosis was obscured by effusion of much blood. By 
the help of a radiogram the nature of the injury was revealed, and suc- 
cessful treatment carried out by wiring the fragments and fixing the foot 
so as to relax the calf muscles. 

Fracture of Metatarsal 

H. L. Barnard relates a case in which all the metatarsals of a labourer's 
foot were broken by a fall upon the foot from a scaffold. The base of the 

* Medirtd Chronirlf, .hiiie, 1900. 
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first uteUtBTBal bone vna impacted. For a. description of this inleieitiiig 
ottse with an accompanyiog radiogram, see the Practitioner, October, 
1901, p. 42e. 

Dislocation of Heck 

Case reported by Noble Smith* at the Windsor and Distriot Medical 
Society, 

A lady HQBtaiued a fall of 80 feet down some rocks in the island of Sark. 
Atter several weeks' rest she began to get about again, and then sntTered 
from pain and stiiliieas in her neck and attaeks of giddiness ; at the same 
time she would suddenly fall down. On exauiinatton, an angular de- 
formity was detected between the fifth and sixth cervical spines, and a 
radiogram clearly indicated a partial displacement between those vertcbrse. 
The dislocation was reduced under an anesthetic. 

Separation of Upper Epiphysis of Peinur 

Mr. H. L. Barnard, F.R.C.S.,t says thtU at least fourteen definite cases 
of Bepariition of the upper epiphysis of the femur have been recorded, iq 
which the diagnosis was confirmed by operation, autopsy or radiogram. 
He quotes ■ I'rogressive Medicine.' vol. iv., 1900, p. 14S. 

Separation of Lower Epiphysis of Femnr 

In an unportant article, Messrs. J. Hutchinson, jun., and E. L. Barnard 
describe four coses of this injury treated at the London Hospital, and 
mention sixteen others of which (hey have had personal knowledfje. The 
injury is nearly always the result of forcible hyper- extension of the knee, 
and if displacement occurs, it is just as constantly a forward one of the 
epiphysis. By means of the Bc'intgen rays it was shown that In the ex- 
tended position of the knee, even with an aniesthetic, reduction of the 
fragments was very difficult, if not impossible. The farther important 
observation was made that with full fiexion reduction was always easy. 
When treated in that way the usual result was rapid recovery, with perfect 
movement of the knee, and without sliorteninj; or deformity of the leg. 
(See Pigs. 106, 107, 108.) 

Dislocation of Patella 

Two cases of exceedingly rare dislocation of the patella have been pub- 
lislied by Dr. Da\-id Newman and Dr. H. Uutherford.:J In the first case 
there was dislocation upwards by rotation of ihe patella on its horizontal 
axis, while the articular surface presented upwards. I'he second case is 
probably uniijue. Ad accompanying radiogram shows the patella ' with 
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+ Prael-UUmitr, October. 1«01. |i. 360. 

X Lmncet, June 22, \W\. 



its articotu' surface turned downwarda, e 
and the tibia. The Ugainentum palellit i 



!a)(aged between the temor 
in tiglitly stretched.' 



Dlslocfttion of Astragalus and Metatarsus 

Mr, Robert Jackson, -VfJl.,* deacribe« a tase of fracture of the neck of 

the astragaluH, with dislocation of the bone backwarde, in a collier. He 

met with an iiccidtnl in Marcli, 189«, und was first seen by (ho writer in 




Ootober. He hml oot beeo able to walk on the foot since the accident. 
A bony iueub was seen and felt under the tvndo Acliillis and above the m 
calcis, and there was little or no movement of the ankle-joint He refused 
operation at the time, but retnmed in February, 1890, asking; to have the 
bone removed. Thiswaa done, and he left hospital at the end of a month. 
In the following -July he could walk six or eight milee with ense, and wu 
Htill improving. After that he returned to liia work in the pit. 
■ Vr.itr(ri/.( ,tfrt/;..././..i(ijin/, February, 1000, ].. Ifli. 
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The meaouremeDts after recovery round tbe heel nitd inatep were the 
same on both sides, the only meftBuremeiits that differed being the length 
of the foot and the length of the legs, both of whit^h were three -qiiorterH 
of an inch less on the right than on the- sound side. 

A good illuBtration of dislocation of llic iiietaiarKiii^ Iihb been published 
by L. H. Hdrris,* of Sydney. 




Dislocation of the EpipliyBis of a Hetacarpal Bone 

Mr. E. H. Herrinti.'t of Kallarat, found the aboie rare condition L 
boy of Ion, who had injured liis hand by a fall from a 
tion there was found on the pahuar Eutface of the right bond over the 
neck lof the first luetacarpal bone a small, inniiovable. rounded, hard 
nodule, of about the ei/e of a pea. tteverol medical men diagnosed the 
case as one of e\0BtaFiis. Treatment failed to beep the nodule in place, 
and finally it was exciacd. 



k 



J 




Pm. Iw.- .SiiowiKu Kkiiuctkik or Luwkb Pehuiui. Ei 



Dulocations of Knee and Foot 
9 ot this siiiiiewhal mre injiir.v was rtporttd by Mr. T. P. 
CarlioD,* from Woolwich Arseiial. 

The injury whb oauned by a sack striking the inner side (if the leg while 

the thi^h was fixed from tlie outHide. 

Mr, It. J. Pye Smith, t of Sheffield, has published rBdiograms showing 

p. IStfS. 
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the foot diBlocated backwards, and also showing the result of operation 
effecting the reduction after removal of a large portion of the astragalus. 

The same surgeon has published a case of fracture of the shaft of the 
ulna, with dislocation of the head of the radius. The injury had taken 
place some little time previously, and the radiogram revealed a remarkable ' 
amount of new bone surrounding the dislocated head of the radius. Be- 
duction being found impossible without operation, the head of the radius 
was excised together with the new bone which appeared to have been 
thrown out by the periosteum of the humerus. 

In the same paper he reports a traumatic dislocation forwards of the 
head of the fibula. 

DENTAL 

Kolznecht* has reported a case in which a patient swallowed a set of 
artificial teeth on a plate during sleep. A Rontgen photograph failed to 
detect the foreign body. A few days afterwards it was detected by a 
screen examination lying in the oesophagus, just where the latter passes 
through the diaphragm. The pulsating object could be seen through the 
heart, and daring the act of swallowing was observed to rise about an 
inch. 

MEDICAL 

Acromegaly 

An interesting case of acromegaly in the father, and infantile my xuedema 
in a child, is reported by Drs. F. M. Pope and Astley Clarke. f 

The general enlargement of the bones of the hand is well shown. It is 
interesting to note that the epiphyses at the distal ends of the metacarpal 
appear to have escaped the hyperplasia. 

Myositis Ossificans 

An admirable review of the literature on this interesting subject, with full 
bibliography, has been given by Lydia M. De Witt, M.D., of Michigan.^ 

Diagnosis of (Esophageal Diverticulum 

Victor Blum records {Wien, Klin. Woch., March 15, 1900) Jj a case 
where a diverticulum of the oesophagus was diagnosed, after oesophagoscopy 
had failed. The patient had been subject to obscure symptoms of oesopha- 
geal disturbance with eructation of food. A tube tilled with mercury and 
closed at one end was introduced into the oesophagus, and arrested in its 
course before it reached the stomach; x-ray examination then showed 

• British Junnial of DnUal Sfknre, January 15, 1901. 

t British Mediml Jouriwl, Deceml)er 1, 1900, p. l.OeS. 

X American Jourmd of Me/fical Scie^i^^s, Septftinher, 1900, p. 295. 

§ BrUish Mediail Jmnnal, Kpitome, June 9, 1900, p. 90. 
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the tube lying alongside the spine, about 10 inches below the level of the 
teeth, in such a fashion that a diverticulum was suggested. A sound 
filled with bismuth was then introduced with the aid of the fluoroscope, 
and the presence of the diverticulum made certain. On withdrawing the 
tube and soimd it was possible to pass an indiarubber bag like a toy 
balloon filled with a solution of potassium bromide, which is opaque to 
iT-rays, into the diverticulum, and in this way the exact position, form, 
and size of the latter was ascertained. Blum considers this the best 
method for actually diagnosing oesophageal diverticula. 

Aneurism 

In discussing the diagnosis of aneurism by the Rontgen rays, Dr. Hugh 
Walsham * dwells on the value of the lateral oblique method introduced 
by M. Mignon of Nice. As all practical workers know, nothing definite 
is shown by a strictly lateral examination of the chest. By a three- 
quarter view, however, much may be learned as to the condition of the 
mediastina. On the screen may be seen in this way a triangular clear 
zone, which M. Mignon calls the retrocardiac triangle, bounded below by 
the convex shadow of tlie diaphragm, in front by that of the heart, and 
behind by that of the vertebral column. The last-mentioned or posterior 
boundary includes the shadows of aorta, vena cava, and oesophagus. 
There is another clear triangular space seen in front of the heart shadow 
corresponding to the anterior mediastinum. 

' Tumours originating in the anterior mediastinum/ writes Dr. Wal- 
sham, * can occasionally be well seen in this way. Any bulging of the 
vertical vertebral spinal shadow would indicate an aneurism springing 
from the thoracic aorta, or an oesophageal tumour, the rarity of the latter, 
however, making an aneurism probable. The anterior triangular clear 
space is seen readily enough, but the shadows in the retrocardiac triangle 
are more difficult ; but I have seen this retrocardiac triangle filled up 
with shadow in a case of enlarged mediastinal glands.' 

The necessity for caution in interpreting Rontgen ray examinations of 
the chest is shown by the following case, related by Kirohgaesser.f In 
a woman, aged seventy-five, the fluorescent screen revealed a dark shadow 
with expansile pulsation just above the heart shadow. Aneurism of the 
aorta was diagnosed, but post-mortem it was found that the Sborta was 
firmly adherent to the oesophagus, owing to a carcinomatous growth, 
which arose from the cardiac end of the stomach. There was no aneurism, 
and the shadow thrown on the screen was probably due to the distension 
of the oesophagus with fluid. 

*• Eilinhurifh MfxUail Jonrnal ^ Aj»ril, 1901. 
t Miiiirh. Mrti. JV(n'h., May 8, p. 046. 
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Pneumotliorax 

A good J'-ray illuetration o[ pneumothorax has been pubhshed by Mr. 
Ernest Martin, M.B.,'* of the City of London Hospital for DiseaseB of Che 
Cheat, bj whose cooitesj the block is here reproduced. The patient was 
a man, a^ed twenty-two, EufTering fron) tuberculosis. Mr. Martin says : 
* In a caae such as the above there ia, of course, no difficulty in making a. 
diagnosis of llie condition present, and the chief interest of the skiagram, 
apart from what may be learned from it by the practical J--ray worker, lies 




in the very clear dcmoDBtratioo of the position of the displaced viscera in 
a cose where the lung Is not firmly bound by adhesions, an<l when there 
is a positive pressure within t)ie pleural cavity. The flattenini^ and down- 
ward diHplacement of the diaphragm could liordly be made out by the 
physical signs ; the position taken up by the lung, and the complete iUb- 
placement of the heart from the left side of the chest, are eiII clearly 
shown in the diaphragm. Another point well brought out is the broaden- 
ing of the intercostal spaces on the side of the pneumothorax. In addition, 
the skiagram shows the shadows thrown by the caseous tubercles, the 
• Laiial. Scpti'mbiT 2S, IBOl. 
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portion of the lung immediately above the right arch of the diaphragm 
being the only clear piece of lung shown.* 

Makrodactyly 

Dr. W. Mafeig Jones* has published a case of this condition in a 
young man of twenty. A radiogram of the affected foot shows that the 
bones of the great toe were not enlarged, but that there was an exostosis 
on the inner head of the first metatarsal bone, and another on the base of 
the distal phalanx of the big toe. The fifth metatarsal was not enlarged^ 
and the second only slightly ; but the third and fourth were much hyper- 
trophied, especially their distal ends. With the exception of the great 
toe, all the phalanges were enlarged, especially those of the third toe, and 
all showed exostoses. 

Hsemophilia 

Dr. F. J. Clendinnen t has published notes of a case, with accompanying 
radiogram, of hiemophllia. He was called to see a male child, eleven 
weeks old, for supposed injury to the right hip. On examination the hip 
was found to be much swollen, semiflexed on the abdomen, and painful. 
A radiogram showed the bones intact, but a general opacity in and around 
the joint, and the head of the femur separated from the base of the ace- 
tabular cavity. From the appearances thus presented, haemorrhage into 
the joint was diagnosed. A few days later the child passed tarry motions. 
Two days later the left shoulder became swollen, and later the right. The 
rays showed that both elbows, which were not swollen, shared in the 
hiemophilic process. There was no family history of the complaint. 

Joint Affections in Locomotor Ataxy 

The pathology' of this condition has been illustrated in a case reported 
by M. E. Dupre and A. Devaux.J 

A man aged fifty-four, under treatment for well-marked locomotor 
ataxy. In 1890 lightning pains occurred, varied by painless enlargement 
of both knees in 1897. The radiogram showed that the articular enlarge- 
ment and deformity were due, not so much to lesion of the articular 
extremity of the bone, as to changes in their relations to each other, to 
syno\Hal effusion, and to osteo-fibrous growths within the capsules of the 
joint. The femoral condyles of the knee-caps were normal, and the head 
of the left tibia alone was enlarged. On both sides the knee-cap was 
displaced forward, and the femur backwards. ^ 

♦ Inta'CohmUd Medical Joxmvtl of Avstraicusia, August 20. 1901, p. 389. 
+ Qutirtcrbj Mtdical JavrnoL Fel»ruary, 1900. j). 182. 
X Xouv'Uclconixinijthii' dr la Salj)itrUre, September to October, p. 498. 
§ For illustration see Medical Jlevieu\ vol. iii , No. 26, Novenil>er, 1900, 
p. 668. 
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Gilbert has also shown that the bony swelling in such cases, which is 
believed to be extremely large, is really slight. The ligaments, tendons, 
and soft parts generally, are studded with bony islets, independent of each 
other, and separate from the articulation. 

In the case above described, the inability to walk was due more to the 
joint affection than to ataxy itself. 

Fluorescent Screen Blindness 

It has been said that about 1 person in every 800 is blind to the 
Bontgen rays; that is to say, he is unable to distinguish the shadow- 
pictures on the fluorescent screen. This want of perception has been 
called Bontgen ray blindness. That term, however, is clearly a misnomer, 
as it is not the rays that the observer fails to see, but their effects. In all 
cases the faculty of distinguishing detail in screen shadows requires to be 
carefully cultivated. If an individual fail to see well-marked objects on 
the screen, it may be due to colour-blindness to the yellow shade of the 
ordinary screen. In that event it would be interesting to try if he were 
blind to a screen having a different tint of fluorescence. In estimating the 
degree of screen perception, the acuteness of the individual vision and 
visual errors (myopia, astigmatism, presbyopia, etc.) should be considered. 



MEDICAL DIAGNOSIS BY BONTGEN BAYS 

Specially contributed by A. W. Crane, M.D. (U. of M.), Kalamazoo, 
Michigan, U.S.A., Member of Bontgen Society, London 

Thorax and Abdomen 

For the purposes of medical diagnosis, soft tissues of small density must 
be studied. This demands x-rays generated by powerful currents in tubes 
of low vacuum. 

The Thorax is a region singularly adapted to an x-ray examination. 
No other soft tissues of the body are distinguished by such differences in 
density as the thoracic viscera. The fluorescenl screen is here incom- 
parably superior to the dry plate, because the constant movements of the 
heart, lung tissues, and diaphragm, which serve only to blur outlines or 
erase details upon the plate, become factors of importance upon the 
screen. It Is a great advantage to use a screen of sufficient size to 
receive the image of the entire chest. Belations, movements, and details 
of the shadow-image are thereby more accurately and quickly appreciated. 
All light must be excluded from the room, and the retina rested in dark- 
ness, or the most brilliant illumination of the screen will appear like a 
gas-jet in daytime. The stereoscopic fiuoroscope is the ultimate ideal of 
clinical radioscopy. 

22—2 
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Normal appearances must be familiar to one who would appreciate 
the radioscopic signs of disease upon the screen. The lungs are clear 
spaces which perceptibly darken and lighten with deep inspirations. 
This respiratory change is most marked in the lower half of the longs. 
The pleuron is denoted by a delicate tracery of shadows following the out- 
lines of the heart and great vessels. The diaphragm can be seen rising 
and falling with each breath. During quiet breathing it moves from 1 to 
2 cm. The left side averages one interspace lower than the right. 

The median Une is marked by the broad shadow of the spinal column. 
To the lower left side, the shadow of the heart projects in bold relief, the 
apex lying at the middle of the left diaphragm, and the base lying at the 
middle point of the thorax. To the right, a narrow strip of the right ven- 
tricle and auricle may be seen. The contraction of the left ventricle with 
the peculiar retracting movement of the apex may be clearly observed. The 
pulsations of the right heart and of either auricle may also be distinguished. 
If the tube be placed at the level of the diaphragm, the clear pericardial 
space between apex and diaphragm may be seen during deep inspiration. 
The aortic arch and pulmonary vessels occupy the space between the base 
of the heart and the sternal end of the clavicles. 

The heart is best studied from the front, and the great vessels from the 
back of the chest. It is often an advantage to turn the patient slowly 
around behind the screen, and to make a careful observation from the 
side with the patient's arms upraised. In pulmonary and pleural affections, 
the patient should be examined while lying down as well as while 
standing. 

Appearances in disease result from two simple factors — shadow and 
motion. The relation of these factors to disease may be most clearly and 
compactly expressed in tabular form. See Charts I., II. and III. 

An j--ray examination of the chest should be preceded by the ordinary 
physical examination. In that way the one will supplement and correct 
the other. But the information elicited by palpation, percussion, and 
auscultation is not in each case co-extensive with the information gained 
by the fluoroscope, skiameter,* and radiograph. 

* The skiameter is an instrument devised by the author to measure the 
intensity of sliadows and linear distances. It is made of strijw of tinfoil so 
giaded as to give a scale of partial shadows. The princij^le applied is the 
obliteration of one partial shadow by another overlying shadow. It is fully 
described in the FhHadelphia Monthly Malical Jountud of Marcli, 1899 * also in 
the Philadelphia Medical Journal of January 6, 1900, vol. v., No.'l. 
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By palpation we may feel the rhonchi, the friction fremitus, and the 
vocal fremitus. The rhonchi and the friction fremitus denote conditions 
which give no sign in radioscopy. The vocal fremitus is increased over 
consolidated areas, and decreased over emphysematous areas. In this it 
agrees exactly with radioscopic signs. If, however, we draw the conclusion 
that whenever the vocal fremitus is increased we should find an increased 
density in the fluoroscopic shadow, and vice versa, we shall be disappointed. 
In pleuritic effusions we find the vocal fremitus decreased or absent, but 
we find the fluoroscopic shadow dense and unmistakable. The same is 
true of pleuritic thickenings, of filled cavities, and of consolidations with 
occlusion of the large bronchi. Moreover, the vocal fremitus is increased 
over dense- walled cavities, which would give a ringed area of light reflex 
upon the fluoroscopic screen. In these states it could be said that the 
results of palpation are not parallel with those of radioscopy. It is simply 
that the narrow limits of palpation must be kept in mind, and only its 
positive data considered. 

Between percussion and radioscopy the comparison is closer. The same 
factors which determine the x-ray shadows also determine the character 
of the percussion-note. The results of percussion and radioscopy must 
agree, except that radioscopy is the more delicate and precise method. 
We may express the relations of percussion to radioscopy by a diagram : 



Definition 
Denbity 



Black 5hodow 



Dark Shadow 



Flat Tone 



Dull Tone 



Liqht Shadow 

LiqHt ReH«* 
Bright Rejlcx 




Impaired Resonance 

Reionance 
Tijmpanij 



V/olumf 
Duration 



Fi(t. no. 



The field of auscultation is larger in many directions than that of 
pulmonary radioscopy. The sounds of the heart, affections of the bronchial 
tubes denoted by rAles, and inflammations of the pleura denoted by friction 
sounds, are beyond the province of the j-rays. 

Differential Diagnosis in radioscopy is a matter of reflex, shadow, and 
motion. A bright reflex indicates a large, empty cavity or a large pneu- 
mothorax. If it be a cavity, the bright reflex may be centrally located 
and wholly surrounded by a dark or black shadow, or it may be peri- 
pherally located and only partly surrounded. The limits of a large cavity 
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are never sharply marked unless on the lower side, when partly filled 
with sputum. If it be a pneumothorax, the bright reflex is perif^erally 
located, and usually larger than in the case of ca\'ity. If it exist without 
the presence of pulmonary shadows, the diagnosis is clear, because 
cavities are always associated vd\h some consolidation. If, howeTer, 
consolidation does occur with pneumothorax, the outline of the lung will 
be observable. A local pneumothorax from bronchial communication 
with the pleural sac, and from circumscribing adhesions, could not be 
distinguished from a peripheral cavity, especially if it occurred over the 
front or back area. Its position, however, fc)nt or back, could be deter- 
mined by observing from which side it could be most plainly seen. 
The closer any object lies to the fluoroscopic screen the clearer the 
image. 

A light reflex indicates a small cavity, a large cavity nearly full, a 
small pneumothorax, a greatly dilated bronchus, or an emphysema. If 
it be a small cavity, it will lie in the midst of a dark or black shadow, 
and may be called a light reflex, because it is in contrast with its sur- 
roundings. It may be encircled by a narrow ring of dark or black 
shadow if the walls are calcified. This is a healing process that can occur 
in a small cavity only. Why the calcareous thickening of a spherical 
ca\-ity will cast the shadow of a ring is easily seen from Fig. 111. The 
a>rays traverse more substance in passing tlu-ough the edges of the rim 
than in passing through the middle. This difference is the difference 
between the lengths ah and cd. 




Fir;. 111. 

If it be a large cavity nearly full, the light reflex will rest upon a dark 
or black circumscribed shadow, imless the surrounding consolidation is so 
dense as to obscure the shadows of the mass of sputum. If the patient be 
re-examined on the table, the cavity may empty and become a large, 
bright reflex, or it may nearly disappear because the mass of sputum ha& 
come to lie in line with the empty space. If a faint reflex be observed 
without the presence of pulmonary shadows, it is likely due to a dilated 
tube in bronchiectasis. A dilated bronchus with consolidation could not 
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B distinguished from b, soiall cBvitj', unlesa & longiCudinal form were to 

ive a clue. A small pneumothorax, nllowing a. layer of air Co surround 
the lung, would give n general light reflex, whit>h would be indistinguish- 
able from a true emphy'Bema, In both cases the movements of the 
diaphragm would be restricted, its hue low and its form flattened. Bui 
an emphysema is bilateral, unless there is some disease of one aide to 
produce a compensatory condition on the other side. In the case of 
pneumothorax, the disease would be on the same side as the general lifiiht 
reflei. Hydro -pneumothorax or pyo-pneumothoras would pve the same 
images as pneumothorax, except that we would have the dense shadows 
of eflusions at the base. By changing the position of the patient, the 
relative position of the shadows and light reflexes would be changed. 

A light shadow may mean an inGltration, a congestion, an atelectasis, 
or a thickened pleura. Between a tuberculous infiltration, a simple focal 
congestion, and an atelectatic area, there is no shadow-distinction, A 
thickening of the pleura may sometimes be dilferentiated from these 
three if its shadow be plainly visible, say from the front, and nearly or 
qnile invisible from the back. But an infiltration or small consolidation 
lying close to one side would simulate this appearance. 

A dark shadow indicates a partial ooosohdation, a small tumour, an 
infarct, or a cirrhosis. In the case of oedema tlje dark shadow is diOuse 
and of even densitj' : a general cirrhotic lung would give a less even 
shadow, and would bo accompanied by a marked displacement of the 
heart. Other physical conditions easily differentiate these two. A focal 
cirrhosis, an infarct, and a small tmuour may give shadows of similar 
character, but a cirrhotic focus is most likely to be located in the apex, a 
tumour most likely near the hilum, and an infarct most Hkely in (he 
periphery of the lung, A partial consolidation has very indefinite borders 
shading out into normal lung tissue. A small filled cavity is associated 
with some consolidation, and will appear as a dark spot in the midst of a 
dark ebadoM'. 

A black shadow may result from consolidation, gangrene, large filled 
abscesses or cavities, large tumours, large hydatid cysts, and pleuritic 
effusions. The last is distinguished by lying at the base of the thoracic 
cavity, by obscuring the diaphragm-Une, by a more or less level upper 
border, and by being shifted when the patient's position is changed. The 
other conditions may not be separable hy an J"-ray examination, although 
(heir boundaries may be mapped out. 

The diaphragm cannot be disregarded in radioscopy of the lungs. Its 
visibihty, position, form, and motion are factors of the highest im- 
portance in estimating the extent and severity of a pulmonary disability. 
It is the vital barometer of the lungs, and may give the first signs of a 
coming storm. 

Its Tisibilitjr depends upon the contrast which its heavy shadow makee 
witli tlie tiiin shadow of the lung. It is a dome of muscle which rests 
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upon the liver on the right, and is visible across the whole extent. On 
the left it rests upon the stomach, and is visible across the outer half, the 
inner half being obstructed by the shadow ^of the heart. In forced in- 
spiration, however, the diaphragm becomes also visible below the heart. 
The shadow-line of the diaphragm becomes more distinct in forced in- 
spiration because the lungs contain more air and because the diaphragm, 
being flatter, interposes more tissue in the path of the rays. Conversely, 
the diaphragm-lines become less distinct in forced expiration, because the 
lungs contain less air, and because the diaphragmatic dome, being more 
arched, interposes less tissue in the path of the rays. 

The diaphragm becomes very distinct when there is an emphysema or 
pneumothorax without effusion. But emphysema is either bilateral or 
else compensatory and attended by disease on the opposite side. On the 
other hand, pneumothorax would show the shadows of a partially or 
wholly collapsed lung. The diaphragm may become indistinct in oedema, 
h3rpostatic congestion, partial consolidation of the lower lobes, or thickened 
pleura around the base. But in oedema there is a general shadow of even 
density. In congestion, partial consolidation, and thickened pleura at the 
base, the upper areas of the lung may be normal. But these three are 
not separable on physical grounds alone. 

The diaphragm becomes invisible when there is an efiPusion or a con- 
solidation of the lower lobe. But with effusion the outline of the shadow 
may be easily shifted, and when the patient is placed upon the examining- 
table with the head lowered, the diaphragm comes into view. If the 
entire lung is consolidated, or if the efifusion is encapsulated or reaches to 
the apex, the conditions may be indistinguishable without the use of the 
hypodermic needle. If the right lung is affected by tuberculosis, the 
diaphragm on that side will be higher than usual, while on the left it will 
be lower than usual, on account of the compensatory chajiges. In 
emphysema the diaphragm lies very low, in cirrhosis very high. 

The position of the diaphragm largely determines the form. It is 
flattened when low, and arched when high. In diaphragmatic hernia the 
form is irregular. 

The motion of the diaphragm is of great concern. We may recognise 
the range of movement in ordinary and in forced respiration. By mark- 
ing the middle point in ordinary respiration, we may observe the upper 
and the lower half of a forced respiration. As a rule, in health, the range 
of ordinary and forced respiration is slightly greater on the right side than 
on the left. A restriction in the range of motion is a sign of some disable- 
ment. It is most likely to mean tuberculosis, pneumonia, or pleurisy. 
But it may mean almost any aflfection of the lungs or mediastinum. In 
true emphysema and pneumothorax, the respiratory movement is restricted 
in its upper half. In compensatory emphysema the respiratory move- 
ment is increased in both upper and lower half. This is important, 
because a compensatory emphysema on one side means an impairment 
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of the lung on the opposite side. It may, however, in rare oaees be an 
old trouble from which the patient has recovered. A very marked restric- 
tion in the motion of tbe diaphragm or its immobilization is a grave sign. 
Pleurisy, especially diaphragmatic plenrisy, forms an apparent exception. 
However, if the patient be encoui-ftged, the diaphragm can be moved, 
although pnin is the result. 

When, in addition to the shadow-fi'ee lung, we find a natural move- 
ment of the diaphragm, we may feel assured that, even though tubercle 
bacilli are present in the sputum, the lung substance is not yet seriously 
affected. Such cases may be laryngeal or bronchial. 

The heart may be outlined by the j'-ray with a precision unequalled by 
any other method. Hypertrophy, dilatation or aneurism of either ventricle 
or of either auricle, may be perceived and measured. In pronounced 
cases of distension ot the right ventricle, the apes may be tilted upward 
so that a apace is left between the tip of the heart and the diaphragm. 
In dilatation involving the left ventricle, the apex beat becomes nearly * 
indistinguiahB,hle. In rare cases a valve can be seen when it becomes 
calcilied. 

A vigorous cardiac retlex indicates a good tone of the heart muscle. 
This reflex is worthy of careful clinical study. 

In examining the heart, keep in mind its visibility, position, size, form, 

FericarditiB with eSUsion may be strikingly demonstrated by screen 
or dry plate. The pericardial space between heart and diaphragm is 
obliterated, even by ii very small effusion. A large effusion will show the 
taint outline of the heart within a large ring. The distended pericardium 
gives a ringed appearance, for the same reason that a thick-walled cavity 
does, and, furthermore, for the reason that the pleura and tangs are 
pushed aside, thus forming a dense wall on the two sides, but not on front 
and back. An aspirating needle is clearly visible behind the screen, and 
may be accurately guided into the distended pericardial sao. 

Aneurism of the thoracic aorta has afforded brilliant examples of the 
value of the x-ray. Aneurism is distinguished from mediastinal tumour 
chiefly by the presence of a pulsation. If this con be seen to he expansile 
the diagnosis is certain. Jiut pulsations may be transmitted to tumours 
which lie against heart or aorta. The certainty with which long needles 
may be passed into an aneurism while in view beneath the fluorescent 
screen may aid in the treatment of this affection. 

A calcilication of the aortic wall may sometimes be delineated upon tbe 
dry plate. 

The AbdomiBal Tiscera vary from one another so slightly hi density 
that ditl'ercntiation by the >r-ray is diflicult and incomplete. But biliary 
calculi, and stones in the kidneys, ureters, and bladder, dermoid cysts 
containing bone or teeth, and the bones of a fretua, may be successfully 
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portrayed. Here, as in the thorax, the lowest vacuum tube which will 
give a good penetration must be used, so as to obtain the greatest possible 
contrast between tissues of small densities. The dry plate rather than 
the screen should usually be employed, excepting in the case of restless 
children. The stomach and bowels should be emptied, and then distended 
with gas and air respectively. The abdomen should be tightly bandaged 
to prevent the respiratory movements from blurring or erasing delicate 
details. 

The stomach, in a thin abdomen, will show as a clear space with hazy 
outlineH, below the left diaphragm. An hour-glass contraction may be 
perceived, and an enteroptosis may be distinguished from a simple dilata- 
tion. The distended stomach extends over the left border and half of 
the lower edge of the liver, and also over a portion of the outer border of 
the left kidney. The distended ctrcum and ascending colon are usually 
very well marked, and overlie the outer border of the right kidney and a 
small portion of the lower edge of the liver. Thus, the liver is sometimes 
nearly outlined, tuid a small margin of each kidney may occasionally 
show upiMi the plate. The distended rectum and sigmoid flerure are not 
dithoult to bring out, and the psoas muscles are nearly always visible 
upon a giHHi plate. The ribs, vertebra\ and ihum ofifer no especial 
vlitVioultios. 

Tho tluort^sctMit sertvn may bi» used to advantage in examining the 
slomaoh. If a (>ationt. while standing behind the screen, will drink, in 
i^uiok suiNH'ssion. h drachui oHoh of potassimn bicarbonale and tartaric 
acul» diss^\l\tsl in sepamto ^la;!K$e$^ the stoiujioh maybe beaatifoUy demon- 
sIt^unL lnst«\^d of vUstonvlitx;; the stomach with gma. an emulsion of the 
»ulvnitmU' of histtuith tiu\\ Iv $w^lo^^e^l: or a sUHuaeb^tnbe eonlaming 
;a utotalUv^ oh:uu v\r cvnl ot w\;v iu.>iy tv pdiss^i and alloved to lie akmg 
iht' jc?v<%wr cur\*iv,r\'; v^r .>i Ur>x o^pts^ul^ oJ M^muth sctlnitrate maybe 
s>fc^lo\iv\i io usArk 5ho Iowxnsj iv^ir.s of ^h< s5otuAch, The latter maT be 

A. W. C. 
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MEDICO-LEGAL 

Focus -tnbe Bums in Oonrt 

Since the publication of tlie second edition of the present volume 
towards the end of 1B99, aevernj important trials hnve taken place in 
which datiiagee have beeD claimed for injuries due to Biintgen tay expo- 

Id England a case wai investigated at Eastings. The following ac- 
count is taken from the Lancet of December 8, 1900, and its substantial 
accuracy ia vouched for b^' the present author, who paid a epecial visit to 
Hastings in %-iew of the importance of the issues involved, hipeaking 
generally, it maybe remarkod that the trial impressed one with the neces- 
sity of expert help an both sides of an issue of the kind. It also shows 
the advantage of entrusting cases for Biintgen ray examination, wherever 
possible, to a medical operator who would be alive to any contingent risks, 
and who would share responsibility with the medical attendant. 

' The recent case,' writes the Lancet, ' in which the Rontgen ray methods 
caused an injury preceding death, raises points of great practical impor- 
tance to the medical profession as well as to non-tnedical operators with 
the rays and to the outside pubUc. The following facts were deposed to 
before the coroner, Mr. Davenport Jones, at the adjourned imiuirj held 
- in the Hastings Town Hall on November 17, 1900. 

I 'On March 21 last a widow lad_v, aged sixty-eight years, met witii an 
, accident to her left hip while learning to ride the bicycle. She was taken 
to the local hospital, where the opinion was expressed that no fracture 
existed. She was then removed home, and was attended by Kir, Harry R. 
Maneell, who could not make up his mind nt the moment that the hip was • 
fractured. After watching the case for some time he thought that it 
would be advisable to clear up matters by applying the Rontgen rays. 
This was done, with the consejit of the deceased, by a local photographer, 
Mr. J. H. Slomfield, on April 14, when two exposures were made, accord- 
ing to the operator's statement, one of tliirty-tive and the other of forty- 
live minutes, each hip being taken separately. The result was not con- 
sidered altogether satisfactory by the local medical society, and it was aug. 
gested a. further photograph to show both hips should be taken from 
the centre of the body. This was accordingly done, with the consent of 
the deceased, on April 27 by the earae photographer with an exposure of 
forty-five minutes. On both occasions Mr. Mansell attended and gave 
directions as to the position of the patient, but afterwards left the house 
and entrusted further details to the photographer. On the fiiet occasion, 
according to Mr. Blomlield, the part of the body exposed was covered 
with clothing, but on the second it was bare. On May 4 an eruption 
developed on the left lower abdominal region. This was recognised bj' 
Mr. Mansell as an f-ray injury, and was treated witli ointment, but the 
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dermatitis developed into an ulcerated surface of the size of the hand. 
On July 5 the deceased declined further attendance from Mr. Mansell, 
and called in Dr. J. H. Roberts. The latter brought Mr. A. R. Ticehurst 
in consultation, and attended the deceased until her death on November 5. 
On July 7 Dr. Roberts found her to be suffering from a sloughing wound 
about 7 inches by 3^ inches. Death, in his opinion, was caused by ex- 
haustion from the effects of shock, which resulted from two injuries — ^the 
fracture of the thigh and the action of the Rontgen rays. Mr. Ticehm^, 
who visited the deceased in consultation, and who subsequently performed 
a post-mortem examination, stated that when he saw the deceased alive 
on October 5 he found her to be suffering from a dry sloughing wound of 
the abdomen. At the necropsy the wound had lost its slough, but there 
was little sign of repair. There was httle fat about the body, the heart 
was flabby, the stomach was empty, the liver showed signs of old mischief, 
the vessels were degenerated, and he found an impacted, intracapsular 
fracture of the neck of the femur. Mr. Ticehurst would not say that the 
condition of the body would be sufficient to cause death apart from the 
wound. The niece of the deceased stated that her aunt's mind gave way 
several weeks before her death, and she refused food, which had to be 
forced upon her by the nurses. The photographer, Mr. Blomfield, stated 
that he had had four or tive years' experience with the rays, part of the 
time at the Hastings Hospital, and had met with no injurious effects from 
similar prolonged exposures. Dr. Le\iis Jones, in charge of the electrical 
department of St. Bartholomew's Hospital, gave e\idence to the effect 
that he had seen the apparatus used by Mr. Blomfield to take the photo- 
graph of deceased. There being no rash between the first and second 
exposures, he would consider a medical man ri^t in Asgnming that the 
patient was not sensitive to the rays. The risk of an x-ray bom was 
always present in long exposures. The apparatus used by Mr. Blomfield 
was a year and a half out of date. In default of a better instrument, the 
one used was a proper one. It gave a 10-inch spark, and a similar one 
was in use at St. Bartholomew's Hospital until a year and a 1*<^H ago. 
He himself had given exposures of forty minuter but the usual length of 
time was seven or eight minutes. Short exposures were less likely to 
cause bums than long. At the time when the photograph was taken 
Mr. Blomfield's coil was working at 5i inches. The coroner sammed up, 
and the jury returned a unanimous vervlicl : '* That the deceased met her 
death from shock and exiiaustion following the accident and the effects of 
the R»»ntgen rays upon a weakenevi s>-stem. No blame attached to either 
the medical man or the photographer." 

'With regard to this case, it may be remarked that the fact of the 
friends of the deceased not having been represented by expert evidence 
detracts somewhat fn>iii the \alue of the inquiry. It was admitted that 
no note was made of the time of the expo^sure. the viistance ol the tube 
from the plate, and other details that caxuioi safely be left to the 
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From the evidence II is clear that a burn resulted from prolonged espo- 
aure to the tocus-tube, probably from the third exposure of forty-five 
itiinuteB Du April 27, as the raeh appeared seven days after that date. 
However, the fact that the first e\posuree were not followed by dermatitis 
during the thirteen days that elapsed does not absolve those exposures 
from all blame. It is reasonable to aasume that the degenerative ebangeB -■ 
in [be body of tbe deceased were indirect factors in tbe causation of the I 
bum just as they were in the fracture of the bip. 

' Unfortunately, for reasons already stated, the full details of the ei- 
posures are not available. At the same titae we are told of one important 
differing condition of experiment— namely, that the surface of the body 
was not protected by clothing on the third exposure, the one from which 
tbe damage in all probability resulted. No mention was made of the 
crucial point of the distance of the focus-tube from the skin. Nor was 
the fact made clear to the court that a 10-inch coil working at n| inches 
is reduced ahnost, if not quite, to tbe lesser value- The bearing of 
this upon the length of exposure is obvious. With his coil working at 
10 inches Ur. Blomfield could have almost halved his exposures, and 
tbe fouus-tube burn is distmctly related to the length of exposure. The 
reasotis for a coil not working up to its full strength are various, but all 
are open to remedy. The mention of these facts will show the desirabihty 
of having expert endetice on both sides of so highly technical an 
inquiry. 

' As regards the responsibility of a medical man who engages a non- 
medical man to take a Biintgen photograph, the matter is not advanced 
by this case. Tbe fact that tiie patient consents to the photography oan 
hardly absolve the medical attendant. If the latter hands over the opera- 
tion to a non-medical man, it is a question of how far he is relieved of 
responsibility. A chemist is responsible for errors in dispensing a pre- 
scription, but be is licensed to practise pharmacy, whereas the electrical or 
photographic worker with the rays has no such recognised and tested legal 
status. If the non-medical photographer had undertaken the ease for tbe 
local hospital, what would have been the position of the committee of that 
institution in the matter ? On the other hand, the employment of a 
medical Eijntgen ray expert would clearly absolve a medical man of 
further responsibility. Any medical operator must have hesitated to 
expose to the rays for forty-live minutes an old lady who had been laid up 
for five or six weeks with a broken hip. It seems undesirable, moreover, 
that female patients should be submitted to the manipulation of instru- 
ment-makers and other non-medical workers with the rays. The moral 
of (he case appears to be that apparatus should bo up-to-date, and that 
medical men will act wisely in sending their cases lo medical Rimtgen 
ray experts, of whom there are a fair number available' 

In the United States a suit was brought for 823,000 damages against 
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Dr. Otto Smith and Professor W. C. Fuchs of Chicago. A summary of 
the case appears in the America^i X-Bay Journal* 

The plaintiff, aged thirty-seven, broke his right ankle as the result of 
an accident from his buggy on September 2, 1895. He was able to attend 
to his lumber oflfice and yard by May 1, 1896, and was then practically as 
well as before the mishap. He suffered, however, from slight stiffiiess 
and occasional swelling in the ankle. On September 19, 1896, * x-ray 
photographs were made '—the exact number not stated—* occupying from 
thirty- five to forty minutes, by placing the tube from 5 to 6 inches from 
the ankle, the tube being about the same distance from the top of the foot.* 
While under the exposure he experienced and complained of sharp, tingling 
pains. Three days after a slight redness appeared between the big toe 
and the first toe, which in three weeks had spread to almost the entire 
surface of the top of the foot, and later formed a blister. An ugly-looking 
and intensely painful ulcer formed, for which condition amputation of the 
foot was performed. The jury awarded $10,000 damages. 

In France an important trial heard before the Civil Tribunal of the 
Seine on March 8, 1901, resulted in heavy damages for injury following 
the application of the Rontgen rays.f In delivering judgment the court 
found that Madame Macquaire, who suffered from osteitis of the femur, 
was handed over early in 1898 by Dr. Housseau to Dr. Renault, in order 
that the latter might make a Rontgen ray examination. Three exposures 
were made : the first of forty minutes, the second of forty-five minutes 
eight days later, and the third of an hour and a quarter fifteen days after 
the second. A slight erythema was noticed before the third sitting. The 
three exposures, which were negative as regards diagnosis, were followed 
by a deep burn of the abdomen that necessitated treatment for upwards 
of two years. A scientific report of the case was presented to the court 
by Professor Brouardel. Among other things, he concluded that the 
operator had an apparatus which was formerly good, but had become bad, 
and that he had given too long an exposure. The court, commenting on 
the defective methods employed, observed that the defendant was called 
in, not as a medical man, but as an electrical specialist, but that, never- 
theless, his medical title had gained the confidence of his clients against 
bad results. A too long exposure was certainly one cause of the accident. 
The third exposure of an hour and a quarter was inexcusable {inadmis- 
8ible)j in view of the fact that the tissues had been already injured by a 
previous exposure of a little over half that time. The conclusion of the 
coiu*t was that Dr. Renault had committed a grave professional error 
and he was ordered to pay damages to the extent of 5,000 francs. 

An interesting case J tried in Providence, R.I., emphasizes the value of 

• Ai/wn'ran XH(ui Journal, St. Louis, Mo.. May, 1S99, No. 5, p. 566. 
t See (razettc (bs Tribidoaur^ Mareh 9, 1901 ; and I^i Scmaia*' if^imJ^ 
March 13, 1901, p. xlii. " ^ccucw^, 

:J: American X- Ray Journal, May, 1S99, No. 5, p, 568, 
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experienced medical teatiiDon.v either in aupporting or in rebutting evi- 
dence baaed apun Biintgcn ray photographs. The plaintifT, a woman, 
brouglit an action for $4,000 damages. Two years before she sustained 
an injury of the wrist, which was treated as a Colles" fracture. At the 
time it was hold by some of the medical men consulted that the injury 
was a Barton's fracture — that is to aay, an oblique fracture of the radius 
extending from the jouit. Radiograms were produced on both sides. 
Those of the plaintiff showed a chaiacteristic deviation of the hand to the 
radial side, but the defendant contended tiiat this deformity was assumed 
for the purpose of deception. For the defendant. Dr. (ireen said that 
about 1 inch from the carpal end of the radius there were slight promi- 
nences extending laterally from the ahnft of the bone, a point correspond- 
ing to the site of Colies' fracture. According to hia eiidenee Barton's 
fracture was not conlirmed by the .r-rays. Adopting that view, the court 
dismissed the case. 

In conmientjng upon the foregoing trial, the editor of the Ameriean 
X-llai/ Journal remEirks that from the report of the case it is nut possible 
to resist the feeling that the evidence was insufficient to prove a Colies' 
fracture, and lacking in x-r&y expert testimony to disprove u Barton's 
fracture. 

' The report of this case,' he writes, ' does not read aa if the eridenoe 
was all brought out. In the jr-ray esamination the writer would judge 
that the radiograms of the hands were token in opposite directions on the 
some plate. It is a well-known tact that the right and left liand and 
forearm laid evenly and opposed will not show correapondiiig space 
between (he bones of the carpua and the radius. If the physician under- 
stands anatomy and radiography very well, he can at will distort a normal 
joint in a picture, or favourably present the condition of an injured one. 
The normal divergence of the j'-rays, which ia constant always to some 
degree, mokes the picture untrue. The distortion by position can be of 
almost any degree, and with an operator who is an expert we nmst rely 
on hia oath. If be is not an expert, hia testimony is faulty. It was not 
shown in this case that any ineang were taken tv olitain paralMiniii of 
the K-fiiy*.' 

Action for MalpraxiB 

A Mias Jameaon of Great Works, Me., claimed damages against 
Dr. G. G. Weld, of Old Town, for $4,000 damagea on account of alleged 
malpractice in setting her dislocated right elbow.* 

The plointilT, after an accident, was attended by Dr. Weld, who called 
two other medical men in consultation. After some days, as treatment 
afforded no relief, the patient suggeated the use of the Biintgen rays. 
Dr. Weld, according to plaintiffs testimony, declined because he knew the 
nature of the injury— namely, a fracture of the olecranon, fracture of both 
• Amerima X-ray Jovraal, May, 1899, |i. 68S. 

23 
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condyles, and dislocation. The patient went to a hospital, and a Rontgen 
ray photograph, admitted in evidence, revealed no fracture, bnt a backward 
dislocation, which was successfully reduced. The x-ray picture was the 
conclusive factor in this case, for it showed the condition of the arm at the 
close of the defendant's treatment. The jury found a verdict for plaintiff. 

Slalmgering 

Dr. Baehren of Wiesbaden published the case of a soldier who was 
treated for a swollen finger and sinus of the third metacarpo-phalangeal 
joint. On a'-ray examination five needles were seen in the interosseous 
space, but next day only four. The man afterwards admitted he had 
introduced the needles himself in order to escape military service. 

Life Insurance 

Mr. F. H. Williams* has pointed out the value of the rays in life in- 
surance examinations — at any rate, so far as concerns abnormal conditions 
of the chest. It may be added that a negative result might enable a re- 
jected applicant, or one who had been highly rated, to dispute the decision. 

Gop3rright in Radiograms 

A medical man wrote to the Lancets complaining that he had sent a 
patient to have a radiogram taken by an instnmient-maker, who had 
afterwards, without his sanction, supplied a copy to another person, and 
sent a representative to a public meeting to explain the plate. The 
Lancet, commenting upon this occurrence, expressed a strong opinion 
upon this breach of trust in using a radiogram without obtaining the 
leave of the patient and the medical man. In a later issue of the same 
journal J Dr. Major Greenwood said there was little doubt that a man who 
takes a radiogram for a customer is acting illegally if he makes any use of 
it contrary to the wish of that customer, and could be restrained at law 
from so doing. That was decided in 1899 in the case of Pollard v. 
Photographic Co. (40 Ch. D., 845), where it was held that a photographer 
may not sell, or exhibit, or otherwise deal with, the photographic negative 
of a private person who has employed him to take a photograph. That 
decision would clearly apply to the case of a radiographer. 

Fallacies 

Many fallacies may arise from an unusual relative position of the focus 
tube towards the part under examination. By shifting a limb up and 
down and from side to side, its shape upon the screen may be distorted 

* Boston Medical and Surrp^'a/ Joumaly December 28, 1899. 
t November 4, 1899, p. 1274. 
+ November 11, 1899, p. 1343. 
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so as to resemble a variety of deformities. It is well in all cases of sup- 
posed injury to make a routine examination of the correspondingly sound 
side of the body under exactly similar conditions as to relative position of 
parts and of focus tube. 

Flaws in the sensitive plate or in its development may sometimes lead 
to an error ; and when 2;-ray paper is u6ed, a small crease or inequality 
of surface may result in a perplexing record. 

Buttons, coins, or other objects about the person of the patient may 
cause confusion. 

Seiz has pointed out the mistakes that may arise from a misinterpreta- 
tion of the results of the fluorescent screen. In one case an outward dis- 
location of both bones of the forearm took place in a girl of thirteen. A 
radiogram taken twelve days after reduction showed a normal position 
of joint, but an apparent separation of the tip of the olecranon, of which, 
however, there was no trace to be found on clinical examination. In a 
second case the a;-ray photograph showed what appeared to be a shorten- 
ing of 3 inches in a fracture of the femur, whereas the clinical measure- 
ments proved there was not more than 1 inch of shortening. As Seiz 
points out, such false impressions might now and then have the greatest 
importance, especially in actions for damages. 

Callus may be pervious to the rays some months after a fracture, and 
may thus give an impression that there is non-union, whereas the parts 
may be firmly united. 

A fracture without displacement may not show on the x-ray photograph, 
but may often be recognised when \'iewed from a fresh aspect. Hence it 
is well to examine first with a screen, so as to determine on the best position 
for securing an effective record. 

It should be borne in mind that in fractures where there is little or no 
displacement the radiographic evidence may be either slight or altogether 
absent. The fracture-line of the picture, again, may be obliterated within 
four to eight or ten weeks by the ossification of the callus. In old frac- 
tures there is no fracture-line, but the injury may in many cases be 
inferred from bony irregularities. Where there is either imperfect ossi- 
fication of callus or fibrous union of fragments, as in the olecranon, the 
fracture may be permanently recognisable by Rontgen methods. 

Shepherd* first pointed out, as the result of an experience of his own, 

that the os trigonum tarsi, or intermedium cruris, could be mistaken for a 

fragment broken from the astragalus. This bone, which is said to persist 

in about seven or eight per cent, of the human species, forms a typical 

part of the mammalian tarsus. In his excellent book on fractures, Dr. 

Carl Beckt of New York has brought together the following interesting 

account of this abnormality : 

• ' A Hitherto Undescribed Fi-actuie of the Astragalus.' Joonial of Anatmnjf 
and Physiology, October, 1882. 
t * Fractures,* Carl Beck, M.l). Saunders and Co., Philadelphia, 1900. 

OQ •> 
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*' The fact that this fracture is not mentioned in any of the text-books of 
surgery or in special treatises on fractures would easily be accounted . for 
by its only being discovered by dissection ; it causes no deformity, and the 
symptoms it would give rise to during life would be obscure. Shepherd 
tried to produce this fracture artificially on the cadaver, but *' in every case," 
he says, " where this manoeuvre was performed, I failed, even when the 
greatest force was used, to break off the Uttle fragment of bone mentioned 
above." 

* Pfitzner* regards the os trigonum tarsi as an integral part of the 
posterior process of the astragalus in the adult, which is analogous to the 
OS intermedium antibrachii. 

' The practical significance of this bone is evident from a case described 
by Wilmans,t which is also highly interesting from a medico-legal stand- 
point: 

* A labourer claimed that he was injured by an iron bar on January 20, 
1897. but was able to work during the whole day. On the following day 
he called upon Dr. Wilmans, complaining of intense pain in his internal 
malleolus. He limped, and asserted his inability to work. Wilmans 
found a sUght swelling below the right internal malleolus. Ecchymosis 
of the skin being absent, the swelling was attributed to the presence of a 
considerable degree of talipes, from which the labourer suffered at the 
same time. The leg was elevated, and fomentations were applied for 
several days. The labourer still complaining of great pain, it was decided 
to transfer him to a hospital for observation. When discharged after 
several weeks of treatment, the labourer made an effort to resume work, 
but at once declared that he was unable to keep it up. He was therefore 
admitted to another hospital, where he repeated this manceuvre several 
times during a period of six months. Finally, he claimed damages for 
having been crippled by the injury sustained on January 20, 1897 ; but in 
view of the negative objective condition found by Dr. Wilmans the society 
decided not to grant any claims. The consequence was that the labourer 
was transferred to the surgical division of a third hospital for further ob- 
servation. There he complained that he had continuous pains below the 
right external malleolus, even while in the recumbent position. The pain 
increased while walking or sitting. Stepping on the right heel he also 
declared to be impossible. By distracting his attention, however, it was 
noticed that he could stand weU on his heel, and he would luidoubtedly 
have been declared a malingerer had not the Bontgen rays come to his 
rescue — at least, temporarily. A skiagraph showed a bone fragment at the 
junction of the astragalus with the posterior surface of the calcaneum. 
On the strength of this skiagraphic ** proof," Dr. Wilmans, although still 
mistrusting, was forced to modify his original opinion, and certified that 

♦ ' Beitriige zur Kenutuiss des menschlichen Extremitaatenskelets, morpho- 
logische Arbeiten,' 1896, 2 tea Heft, 
f Fortschritie aufdcm Gebicte der RdrUijcnstrahhn, Band ii., Heft 3. 



APPENDIX Tl. .- HJiDIOA!. AND SUmiOAL 



301 



the patient Buffered from ■' friwture of the astragalus, in consequence of 
which he was damaged for life." The labourer therefore received an 
annuity' of 30 per cent, in proportion to the estimated curtailing of hia 

' Soon afterward the labourer was diacovered by Dr. Wilmans carrjiag 
a heavy weight without any apparent pain, while formerly he hod claimed 
to be imable to walk without a cane or a crutch. Dr. Wilmans insisted 
upon a second irradiation, this time also skiagraphing the uninjured left 
foot. The skiagraph showed the "severed bone fragiuoDt," which had 
first been regarded as a sesamoid of the mueculus Seior longus hallucis, 
but which was now reeoKnised as a norma! oa intermedium cruris. The 
society of course refused the annuity, and the German Supreme Assur- 
ance Court, to which the labourer had appealed, not only sustained tlie 
verdict of the society, but also decided that the labourer must return the 
annuity which ho had unjustifiably enjoyed for eighteen months.' 

It maybe noted, witli regard to the above interesting case, that surgeon, 
society, and court all appeared to have attached an exclusive and conclu- 
sive value to fracture. Clearly, bone disease resulting from injury and 
damage to soft parts would not be shown by the rays except as an ex- 

J tremely rare occurrence. 

Mr. C. H. Uolding Bird* has pointed out some of the fallacies of radio- 
graphy in relation to fractures. While deprecating the use of the j^-iaya 
in all fractures, he advocates their use when the surgeon requires more 
exact information in any particular case, and where the nature of the 
injury is doubtful. The second class includes those of the fibula, vertical 
and transverse fractures in any situation, and certain fractures about the 
hip. He urges that radiography should be regarded as a subsidiary agent 
to diagriosis. and its evidence in cases of doubt and difficulty should be 
received with eaution, avd only after due inlerpreiotioi 

, who»e ej-perience warrant* hi$ apeakini/ with ai 
In answer to the question whether the rays cd 
none exists, he meutions ; 

1. Epiphyseal lines — e.g., lower end of ulna. 

2. The light interval of a joint— r.ff., elbow ov 
, 8. Acromio- clavicular joint resembling fractur 



THERAPEUTICS 

Bodeut Ulcer. Cancer, and other Skin Troubles 

Stembeckf of Stockholm reports the cure of rodent ulcer on the nose of 
a woman aged sixty-seven. The sittings took place daily with eui exposure 

* trUM Mrilkal Jinirnal, Juiic 8, 11101, p, 1360. 

+ Hygeia, Stockholm, 1900, p. 18. .UiJlJieiluHyeii 'iiii il. I'lreTLajtb'Hc 'I. 
f-Mtd. wad ChiT., Bd. vL, No, a. 
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of ten to twelve minutes. After the thirty-fifth application improvement 
took place, and ultimately the ulcer healed, its position being shown by a 
smooth covering differing only slightly from the neighl)ouring skin. 

Rodent ulcer has also been successfully treated by focus-tube exposure. 
Dr. J. H. Sequeira* reported twelve cases, in three of which the uloer 
healed, eight were in course of healing, and one gave up treatment, so 
that in no instance was there a disappointing result. He was led to try 
the Rontgen method upon a patient who suffered from a severe rodent ulcer, 
but who could not bear the pressure of the special apparatus used in the 
Finsen light treatment. As the result of his experiments, he feels justified 
in recommending the use of the ;c-rays —at least, in cases where complete 
removal by the knife is impracticable. 

Mr. Andrew Clark f has published a case in which a large ulcerating 
carcinomatous surface involving the whole of the right breast cicatrized 
under several months' use of the focus tube. The woman was sixty 
years of age, a sister had died of cancer, she had some s^'philitic ulcers 
on legs, and was treated with iodides while undergoing the j;-ray treat- 
ment. Some enlarged glands in the axilla decreased in size. 

The cure of epithelioma by focus- tube exposure has been reported from 
various quarters. Dr. F. H. Williams, of Boston, has treated eleven 
cases of fiat epithelioma of the face with excellent results. 

Mr. L. H. Harris, M.B.,J of Sydney, has recorded an interesting case 
of removal of hypertrophied scar tissue by the Rontgen method. 

The patient was a younj? woman who showed a somewhat extensive 
scar fifteen months after the removal of some tuberculous glands. After 
thirty-two sittings the hypertrophied scar, which had been \ inch thick 
in some places, disappeared, leaving only the mark of the original skin 
incision. 

The cure of a port -wine stain has been reported by Jutassy. The whole 
of the right side of the face was affected, and treatment involved a severe 
dermatitis, which took two months to heal, leaving a smooth white scar. 

Relief of Pain by the Bays 

Stembo claims to have cured a number of cases of neuralgia. § He admits 
that the rays act partly by suggestion, but states that when the anodal 
rays are substituted for the kathodal, without the patient's knowledge, no 
analgesic effect is obtained. Relief was usually obtained in three applica- 
tions, but if ten applications brought no relief the treatment was abandoned. 

Stembo has used the rays for the relief of pain in thirty- seven cases. 
In twenty-eight it was carried out thoroughly, and twenty-one were ciured 

• British Malical Journal, February 9, 1901, p. 332. 
t Ihi<1., June 8, 1901. 

X Aiistraiasian Medical f/azctfc^ April 20, 1901. 
§ Therapif d. fiegemrarL, June, 1900, p. 250. 
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of various neuralgias, such as trifacial, occipital, cervico-brachial, inter- 
costal, visceral, and sciatic. He was led to employ the rays as an 
analgesic because patients who had been examined for diagnostic purposes 
remarked they had been relieved of pain. He used an apparatus with 
a spark of from 12 to 18 inches, and about 1,500 interruptions per minute. 
The distance of the antikathode from the part varied from 8 to 20 inches. 
The unaffected part was protected by tinfoiL Sittings were made every other 
day, and lasted from three to ten minutes. Stembo thinks it essential 
that, on gently touching with the tips of the fingers the part of the body 
to which the rays are being directed, a sUght pricking sensation should 
be felt. 

Sokonow of St. Petersburg. has appUed the focus tube in four cases of 
articular rheumatism in children, and states that he has obtained good 
results. . 

Favns 
Norman Walker* has reported favus successfully treated. 

Alopecia Areata 

Herr M. B. Kienbock showed a man, twenty-six years of age, suffering 
from alopecia areata of several years' duration. The Rontgen rays were 
applied to one particular area, and after six applications of a quarter of 
an hour each a growth of hair was observed. 

Depilation 

Some people claim success with repeated short exposures — ten minutes. 
Dermatitis seems to occur now and then, however, in the most skilful 
hands. 

Dr. Neville Woodf applied the focus tube to a woman aged twenty-two, 
who had considerable overgrowth of hair on the face. Eight months 
after the cessation of treatment the thick down and hair had not retuimed 
upon the chin, but there was a downy growth on the cheeks. 

The exposures were of ten minutes' duration appUed six times a week, 
and were attended with one sharp attack of dermatitis. He surmises 
that ten short exposures are useless ; that about twenty will clear the 
ground for electrolysis, or shnple traction, if the ray treatment has to be 
suspended ; whilst between thirty and forty will probably produce per- 
manent destruction of the hairs. 

FreundJ sa^s that after depilation by the focus tube the hair grows 
again after two months, liy applying the rays, however, three or four 
tunes every six weeks, he says that it is possible to keep the face per- 
manently hairless. He reports smooth scars nearly resembling normal 

* Lnnrcf, June 6, 1900. 

t Ibid., January 7, 1900, p. 231. 

t men. Klin. IFoch., September 28, 1899, p. 966. 
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skin in lupus vulgajris and lupus erythematosus. He also speaks favour- 
ably of this method of depilation in sycosis favus and ordinary ringworm. 

In one case, reported by Messrs. Barthelemy and Darien, the hairs 
grew again, after a period of eighteen months, in a guinea-pig which had 
been depilated by a prolonged exposure to the focus tube. 

The description of the following method of depilation is reprinted from 
the author's paper in the Lancet ;* 

THE BEMOVAL OF SUPERFLUOUS HAIR BY A COMBINA- 
TION OF X-RAY EXPOSURE AND ELECTROLYSIS. 

By David Walsh, M.D. Edin., Honorary Physician Western Skin 

Hospital, London, W. 

There are few cosmetic operations more desirable from the feminine 
point of view than the removal of superfluous hairs from the face and other 
parts of the body. Short of operation various methods are in vogue, such 
as pulling out the hairs, shaving, and the use of depilatories. None of 
these plans, however, get at the root of the mischief, whUe they act more 
or less as local irritants that, by stimulating the supply of blood to the pari, 
actually increase the gron^-th of the hair. Depilatories destroy the shaft 
of the hair, but they do not touch the hair-bulb. They have been used 
from time immemorial, but their application would hardly be sanctioned 
by the modem dermatologist. Some women rub the skin smooth with 
pumice-stone ; others prefer shaA-ing with a safety razor — a plan that is, 
perhaps, to be approved when there is a thick downy growth of hairs too 
nmuerous to be removed bv electrolvsis. 

The latest method of depilation before the profession is that e£feeted 
by the x-m^^s^ Within nine months of the announcement of Professor 
R^xnt^n^s discovery ther>^ wen^ n^^xmed several cmses di dennalitis, to 
which I ventured to give the name of * focus-tube dennalatis * in July, 

The <Murlie«t iu>te of $heddii\g of hair whicii I have fbond reecurded was 
by Mr. K« K. Kii\g« v^ TorvMito.^ Since then many instances have been 
riKwvksl, iK4aKly one by IV^fie^sor Waymouth Reid. who lost (he hair of 
the cheiM ai>d fMv alter Kmit <\XMie>cutiv« daily espctsvuKis of the trank for 
tw>Mm\ fvvnv, tiftx. aivl ninety iuir*;:i4et$^ r««sf«<<UT^y.§ Belove long the 
H\M\t^n ri^\^ or. rather, <f\|v\MiTy*si k> the fivcu^ t«be — ^w«fe a|iplied for 
the vW\>xUtxx^. v>f hair. In ai kta^t c«ie inscaac^ that came under mv 
iH>tXNf «^\v^jY AXKi <f\Wi%Ni>v :«i^>4^.xn^ wa* ctii;»^ by Uie exposure of a 
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chill to the live tube. After a little time it was found that a short expoBure 
of ten or fifteen minutes with the lube a few inches only from the surface 
of the skin Eiffeeted the nutrition of the hair to aueh an extent that the 
hair became loose and fell out within n week or ten days of the exposure. 
The hair-bulbs, however, were clearly not destroyed, aa the hairs were 
quickly reproduced. In one case reported by M. llarthelemy and 
M. Darien the hairs grew again in a guinea-pig that had been depilated 
eighteen months previously by a prolonged exposure to the tocua tube. 
Freund Rnda that the hair grows again on the face two months after 
depilation by that method.* By applying the rays, however, three or 
four times e\'ery six weeks it is possible, he Bays, to keep the face per- 
manently hairless. Scliifif has also worked on much the same lines. It is 
evident that any method depending on such repeated applications must 
be extremely tedious, and no results have hitherto been published which 
justify absolute success tor any plan of the kind. At the same time, the 
apphcation of the focus tube has to be made by skilled and cautious hands, 
otherwise the results may be disastrous. For one tiling, it is certain that 
the idiosyncrasies of individual patients ditTer greatly so far as the result- 
ing dermatitis is concerned. Indeed, from my on'n observations it seemed 
to me long ago that the susceptibility of the individual worker might vary 
from day to day. The ideal exposure in depilation is that which suffices 
to cause the shedding of the hair with little or no apparent erythema or 
dermatitis. The part of the face around the area to be cleared should be 
protected with a mask of lead-foil. The drawbacks of depilation by the 
focuB tube, then, are the risk of dermatitis (a smnU one under modern 
methods and in skilled hands) and, above all, the regrowth of the hair. 

Electrolysis, on the other hand, is an effectual but tedious agent. It 
can hardly be applied in cases where there is a thick, close growth of hair, 
as each bulb has to be destroyed by the elcctrolysia-needle. In the hands 
of the most skilful operator it is not always possible to guide the needle in 
the direction of the hair- follicle. Fortunately, from experiments con- 
ducted by Giovonnini.t it appears that destruction of the papilla may 
follow, even though the needle has pieroed the wall of the hair-soo and 
cauterized the surrounding tissues. There is no need here to describe the 
details of this small operation. The needle is connected with the negative 
pole of a battery yielding from 1 to I'ii milliampf'res, and the circuit is 
completed by pressing a sponge electrode saturated with warm salt water 
against the patient's akin. The circuit should not be completed until after 
the needle ie inserted into the hair -follicle, and the current should be 
broken before the needle is removed. The operator must insert the 
needle as nearly as possible in the direction of the hair- follicle. It should 
be kept in place for twenty or thirty seconds until little bubbles of gas 
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appear at the pfiint of in^rtion. After the removal of the needle, if the 
operation has been guccessful. the hair can be removed with gentle traction 
by a pair of forceps. Tlie painfulness of the method fonns one of the 
chief objections to electrolysis, and it varies much with the individual. 
No matter how skilfully performed, there will be recurrence of g^wth in 
a certain percentage of hair-follicles. To those who have the requisite 
patience and resolution, however, it offers the best chance of permanent 
removal of superfluous hairs. 

Some time since it occurred to me that a combination of the two 
methods of focus-tube exposure and electrolysis might be of advantage. 
I have found the following method useful where the growth is not too 
thick. The exposure to the focus tube is made in the ordinary way, and 
a week or ten days later, when the hair becomes loose, each hair is 
extracted and the electrolysis-needle is passed into the follicle. This 
method means that a large number of electrolytic punctures must be 
made in a small area. However, with a little management the removal 
may bo made to extend over a couple of days, and in that way it is 
|H)KBible to remove, so to speak, alternate hairs. Sometimes several expo- 
sures to the focus tube are needed before the hairs become loosened. 

This combinod method 1 have found useful in some cases, as it increases 
the chances of etVootual cauterization of the emptied hair-follicle. At the 
same time it shortens the jvriod of depilation, but, like pure electrolysis, 
it should not bo undertaken unless the jmtient has enough resolution and 
patience to undergo ihe ivquisite tivatnient. 

Or*. T. Sj.^ijren and Ci. Sedorholm.* of Stt>ckholm, have published a 
series of cases ys{ \ arious kinds treatetl "with the focus tube. They are 
inolinotl to attribute the therapeutic action to the iii\-isible jr-rays, while 
the ultraxiolot i-axs inixod with them hjive little to do witli the beneficial 
elTtvts. The auth»>^>4 woiv disapivint^Hl v^nth results in twenty-seven cases 
of lupus xulji^UN o)> aiwunt of the rx^siistAnct^ M the lupus nodules. Re- 
ounv\^ot>* wen^ aKmu isjual to thiV'se luet with in patients treated by other 
luetluvU, 1 \^>Miv ovxthen^at^vvus tvq\nrt\l civnsiderable reaction, but was 
*\uvt>>.xf\^l ^n ih*^ l»M\ji \"u«, aiid the «»mo nMiwirk applied io tuberculides or 
j^M\Nf\;Ks^ov\uA Ko-^r.lix wvjv evot^llent in chroiiic ecrenxa. pruritus, in 
two cV.tvNV.io ;,1*viN ^v;v,v\ ^n a^^to \x .th hNpenricKtsis^ in efviihelionia and 
»\M«v.t v;.»v . a.„l »« >^iivt>. Vho> A>^>>«\AT lo be .icvcWul as to the value 
A>^x> ^»\VJ^^o.•«l;o;'. o! r, v."}»i^»M to: ,Wp;Ui^or» ;;" oa5»i>> of hypertrichosis. 
o\^ . '. \s IO J ! N , J 1 .^ :, , . a \ oj oo^ •. : voV, ; . \c \ >.< a*^Av o: '.vaction. Two cases of 

'i">t o\^, 1 -xwv.N \ o. ,-s, NH'. vv. ,\. ,\\ .> i,.Kc «ii :*:;i6titis » <9all uxxtertadn. 
\ n •},-,}x H. !>,> j.,>v h;. s,;^, .s, xvwvvn t,^ .^t.> WW! n^^>^ to tbe x-ravs, 

* • > « ^ x <Uii.; :v., Bctft 1. June 
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or to electrical discharges connected with the focus tube. The matter, 
therefore, is stiU in doubt. 

The pathological changes in the skin have been investigated by Gass- 
mann and Schenkel, and by Unna.* As might be expected, there is 
nothing specific in the ioflanuuatory changes set up in this form of derma- 
titis. Unna concluded that the more resisting histological elements of 
the skin were involved in the process. 

The time taken up in the treatment of patients can be materiaUy 
shortened by running two or three tubes from the same coil and making 
several exposures simultaneously. The possibility of doing this has been 
demonstrated by Mr. H. W. Cox, who found that with a powerful coil 
and a Mackenzie Davidson break he had no diflBculty in lighting up three 
focus tubes arranged in series. Should Rontgen-ray therapeutics attain a 
permanent footing in practical treatment, this saving of time is likely to 
be of no little value. 

Dermatitis 

M. le Clerc mentioned one case at the Lyons Medical Society in which 
an ulcer developed three weeks after exposure to the rays. 

Focus-tube Dermatitis 

At the Newcastle-upon-Tyne Clinical Society a case was shown by Dr. 
A. H. Hobbs.f A woman had been subjected to the rays six months 
previously for loose body in the joint. Sixteen days later the skin which 
had been most exposed to the rays developed an inflammatory condition, 
and in three to four weeks a well-marked bulla appeared. An ulcer, 
which was intractable to treatment, resulted, and was present when the 
patient was shown to the society. The slowness of development of the 
injury is remarkable. 

Bums 

Only two Rontgen ray burns were reported during the Spanish- 
American War : | one produced by a coil, and one by a static machine. 
In each case the exposures were long and frequently repeated, and the 
apparatus was not working at its maximum. ' 

• FortschrUtCt vol. ii., p. 128. 

t Lancrf, February 17, 1900, p. 4(56. 

X Borden, * Rontfren Kay in Spanisli- American War.' 
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lateneifjlDg; aereen, B2, 57 
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Kathodal rays in dermatitU. 207 
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Kienbock's case of pyopneiunuthorBT, 
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Hedtey's. 96 

i „ Mackenzie Davidson's, 64, 93 
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„ surgery, j:>raya in, 101 
Lung*. oonsolidatioD detected, 192-197 
Lnpua, treatment by ;c>rayi, 215 
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Machine, Htatic, 17 
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Malpruis, action for, 230. 297 
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Lime-salts ol bone, causing opacity, 72 
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,, of liiDglnioDS, 193, 200 
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, M-tdical diagnosis. 283 
I Medicine, fiijntgen rays in, 1S2 
^ Medico-legal. 225, 293 
I Mercury breaks, 25 
I Metacarpal, fracture of, 140 
I Micro-organisms, action of rays upon, 
I 173 

, Military surgery, 80, 261 
I Monster, fsUl, two-headed. 223 

Morton's alternating current rectifier, 

Motor mereury break. 26 

Moiements of heart, 1S5 
of larjnx, 239 
I „ of lung, impaired, 191 

I Murani's experiments on blindneu, 218 

Murder trial, x-rays in. 227 

Murphy's biictana. 190 

Muscles, ossification of, 173 

Myonitis ouifirans, 173, 279 

I ' Nailing ' fractures, 129 
Nasal duct, occlusion of. 181 
„ suppuration, 181 
, „ surgery, 180 
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Negro skin said to resist rays, 209 

Nelaton's probe, 81 

New growths in bone, 170 

Oberst on union of fractures, 149 

Obstetrics, 221 

CEsopbageal diverticulum, 279 

Oradurman, ar-rays at, 84 

Operating tables, 65 

Operati'm under screen examination, 

107, 205, 260 
Os calcic, fracture, 274 
Osmium anti-kathode, 53 
Osseous cpt, 256 
Ossification of cartilages, 172 
foetal, 251 
of muscle, 172 
Osteitis from x-rays, 204 
Osteo-arthritifi, 170 
Osteo-arthropathies, 168 
Osteo-myelitis, 170 
Osteo - plastic operation to ascertain 

results of, 172 
Osteosarcoma, 171 
* Ostrich man,' stomach of, 109 
Outfit, portable (Cox), 67 

Pain, effect of focus tube rays upon, 
217 
,, relief of, by focus tube, 209, 302 
Paper (ar-ray), 52 
Patella, dislocation, 275 

,, fracture, 141, 273 
Pellets in arm, 86 

,, in eyeball, 111 
Pelvic deformities, 156 
Pelvis, injuries of, 140 
Penetrator tube (Watson's), 44 
Periostitis following focus tube ex- 
posure, 204 
Phagocytosis unaffected by rays, 239 
Philpot's case of old fractured meta- 
carpal, 140 
Phosphatic calculus, 119 
Photographic paper (a;- ray), 52 
plates, 47 

,, carrier, 53 
printing, 51 
Photography, 47 
Phthisis, 191 
Physiology, 238 
Pigmentation of skin after exposure 

to rays, 207 
Plaster of Paris, opacity of, 127 

,, ,, substitute for, 127 

Plate-holders, 54 

Pleurisy effusion demonstrated, 191 
Plumb-line, Lynn Thomas's, 55 
Pneumonia, 191, 194 
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Pneumonia, deep patch detected, 194 

Pneumothorax, 281 

Poland on injuries to epiphyses, 152 

Polydactylism, case of, 158 

Portable outfit, 67 

Potain, experiments on density of 

gouty deposits, 165 
Pregnancy, evidence of, 228 
Pregnant uterus, difiBculties in radio* 

graphing, 221 
Primary batteries, 30 
Pulmonary osteo-arthropathies, 168 
Pulsating shadows in chest, 188 
Punktograph, 102 
Pye- Smith, fracture • dislocation of 

neck, 146 
Pyopneiunothorax, 195 

Radioulnar ligament, rupture, 135 

Radius, fractures of, 139 

Reeves' case, thumbless hands and 

deficient limb, 159 
Reid, Professor Waymouth, ballet 

localization, 98 
• Record ' tube (Cox's), 43 
Renal calculi, 117 

Dr. Low's case, 120 
Dr. Macintyre's case, 118 
Dr. Swain on, 119 
Fen wick, 122 
Mr. Davidson's case, 122 
Messrs. Leon and 
Laurie's case, 119 
Retina, action of rays on, 218 
Rheumatism, diagnosis between, and 

gout, 200 
Rheumatoid arthritis, bones in, 166 
Rib cartilages, ossification of, 173 
Ribs, cervical, 162 
,, fractures of, 147 
,, photograph of front of, 230 
Rickets, late, 257 
Rodent ulcer, 301 
Ruhmkorf coil, 21 

Rupture of radio-ulnar ligament, 135 
of tendons, 259 
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Sarcoma in bone, 171, 275 

Schott treatment of heart, rays in, 200 

Sciameter, 44 

Screen, fluorescent, 45 

„ used in operations, 107, 205, 
260 
Screws in fractures, 180 
Scurvy rickets, 257 
Secondary battery, 31 
Semilunar cartilages, excision, 253 
Separation of epiphyses, 152 
Sesamoid bones, shadow of, 125 
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Sesamoid bone of end joint of thumb, 

125 
Shaw's case of bsemophilia, 168 
Shot embedded in arm, 86 

„ in eyeball, 111 
Shrinking of heart shadow under rays 

(apparent), 190 
Signs of death, 229 
Skin, action of focus tube rays, 201 

„ inflammation from focus tube, 
201-213 

,, surfaces, mapping of (author's 
method), 172 

,, therapeutics of focus tube rays, 
213 
Skull, fracture of, 145 
Smith, Dr. Blaikie, bullet in brain, 97 

,, Noble, caries of neck, 169 
Smith's fracture, 272 
Soudan, x-rays in, 81 
Spavin, 241 
Spine, bullet in, 102 

,, deformities of, 157 
Spiral fracture of tibia, 143 
Splints, opaque and otherwise, 127 
Stands for tubes, 65 
Static machine, 15, 17 
Stephenson and Walsh on colour-blind- 
ness, 219 
Stereoscope, Marie's, 63 

,, Wheatstone's, 60 

Stereoscopic radiography, Davidson on, 

58 
Stereoscopy, 58 

Stomach, foreign bodies in, 108, 261 
,, methods of examining, 199 
,, to outline. 111 
Stone in bladder, how to take, 117 

„ in ureter, 270 

„ renal, 268 

,, urinary, detection, 267 
Storage or secondary batteries, 32 
Strumous dactylitis, 174 
Styloid process of ulnar, separation in 

CoUes' fracture, 133 
Subperiosteal thickenings, 174 
Sun dermatitis compared with that of 

focus tube, 207 
Sunstroke simulated by exposiure to 

focus tube rays, 205 
Suppression of collar-bones, 160 
,, of thumbs, 159 

,, of toes, 158 

Swain on density of calculi, 119 



Tables, operating, 65 

Taft's, Dr., case of spiral fracture, 143 

Talipes equinus, 157 

Teeth as test of age, 228 
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Teeth, false, exploration for, 105 
how to take, 71, 176 
not erupted, 179 
screen for examining, 178 
various pathological conditions, 
176-179 
Temporal bones, 181 
Tendon ruptures, 259 
Therapeutics, 213, 301 
Thomas, Lynn, on fallacies of fractures, 

128 
„ „ distortion experiment, 

• 128 
Thoracic aneurisms, 188 
Thorax, 182 

Thumb, bifid end phalanges, 159 
Thumbless hand, 159 
Tibia fractures, 143, 273 
Toes, suppression of, 158 
Tracings of heart, 184 
Transformers to high potential, 39 
Traumatism after focus tube exposure, 

201, 206 
Tremors, nervous, 57 
Trial for murder, a:-rays in, 227 
Tube, bianodal, 43 
changes in, 43 
focus, 42 
Geissler, 40 
holders, 65 
how to test, 44 
•penetrator,* 44 
regulating, 45 
the vacuum, 40 
Tubercle bacilli, x-rays n^ative, 220 
Tubercular bones, translucency, 167 
„ consolidation of lung, 192 

„ knee-joint, 170 

Tuberculosis in guinea-pigs treated by 

focus tube rays, 219 
Tumour in upper jaw, 171 
of kidney, 198 
ossifying cartilaginous, 164 
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Union of epiphyses, table, 153 

Uratic deposits, translucency of, 117 

Ureter, stone in, 270 

Uric acid calculus, 117 

Uterus, difficulties of examination, 221 

Value of Rontgen photograph as legal 

evidence, 225 
Van Duyse's experiment on eyeball, 111 
Vertebrae, fracture of, 1 45 
Veterinary surgery, rays in, 240 
Vitreous humour, steel fragments in, 

115 
Voltmeter, 34 
* Vril ' contact-breaker, 24 
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Wheatstone's stereoscope, 60 
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„ dermatitis, 201 
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